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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health;
the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Administration; and the National
Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the
Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP coordinates the
relevant programs, staff, and resources from these Public Health Service agencies relating to basic and
applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous
chemicals. This knowledge is used for protecting the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good
Laboratory Practice Regulations, and all aspects of the chronic studies were subjected to retrospective
quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice).
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of
human exposure, level of production, and chemical structure. Selection per se is not an indicator of a
chemical’s carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge while supplies last from Central Data
Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709 (919-541-1371).
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ABSTRACT
OCHs

NO,

o-NITROANISOLE

CAS No. 91-23-6

Chemical Formula: C;H,NO,

Synonyms: Methoxynitrobenzene, nitrophenyl methyl ether

o-Nitroanisole is used as an intermediate for the
preparation of o-anisidine and in the manufacture of
azo dyes. Toxicology and carcinogenesis studies
were conducted by administering o-nitroanisole
(>99% pure) in the diet to groups of male and
female F344 rats and B6C3F, mice for 14 days,
13 weeks, and 2 years. Genetic toxicology studies
were conducted in Salmonella typhimurium, Chinese
hamster ovary cells, and mouse lymphoma cells.

14-DAY STUDIES

Groups of five male and five female F344 rats
received diets containing 0, 583, 1,166, 2,332, 4,665,
or 9,330 ppm o-nitroanisole. Mean body weight gains
and final mean body weights of males in the 4,665
and 9,330 ppm groups were lower than those of the
controls. Absolute liver weights were significantly
increased in males receiving 1,166 ppm or more and
in females receiving 583 ppm or more.

Groups of five male and five female B6C3F,; mice
received diets containing 0, 250, 500, 1,000, 2,000, or
4,000 ppm o-nitroanisole. Mean body weight gains
and final mean body weights of males that received
250 ppm and females that received 4,000 ppm were
significantly lower than those of the controls. No
other chemical-associated effects were observed.

Molecular Weight: 153.13

13-WEEK STUDIES

Groups of 10 male and 10 female F344 rats received
diets containing 0, 200, 600, 2,000, 6,000, or
18,000 ppm o-nitroanisole. Final mean body weights
and feed consumption by male and female rats
receiving 6,000 and 18,000 ppm were lower than
those of the controls. Hemoglobin and hematocrit
values were significantly lower and methemoglobin
levels significantly higher in males in the 6,000 and
18,000 ppm groups than in controls. Absolute liver
weights were significantly increased in females that
received 200, 600, 2,000, and 6,000 ppm, absolute
kidney weights were significantly increased in males
that received 600, 2,000, and 6,000 ppm, and absolute
spleen weights were significantly increased in males
and females that received 6,000 and 18,000 ppm.

Groups of 10 male and 10 female B6C3F, mice
received diets containing 0, 60, 200, 600, 2,000, or
6,000 ppm o-nitroanisole. Final mean body weight
gains, final mean body weights, and feed consumption
by male and female mice receiving 6,000 ppm were
lower than those of the controls. Hemoglobin and
hematocrit values in males and females that received
2,000 or 6,000 ppm were significantly lower than
those in the controls. The absolute and relative liver
weights of females in the 600 ppm group and relative
liver weights of males and females in the 2,000 and




6,000 ppm groups were significantly greater than
those of controls.

Lesions associated with exposure to o-nitroanisole
were present in the urinary bladder, spleen, kidney,
liver, testis, and uterus of rats. Diffuse hyperplasia of
the transitional epithelium of the urinary bladder
occurred in all male and female rats that received
6,000 and 18,000 ppm. A transitional cell papilloma
occurred in one male and transitional cell carcinomas
occurred in two males and three females receiving
18,000 ppm. Congestion of the red pulp and capsular
hyperplasia of the spleen and hepatocellular hyper-
trophy of the liver were present in males and females
from the 18,000 ppm groups. Multifocal degenera-
tion and necrosis of the renal tubule epithelium with
infiltration of mononuclear inflammatory cells were
present in male rats that received 600, 2,000, and

6,000 ppm. At the 18,000 ppm level, degeneration of .

the seminiferous epithelium accompanied by loss of
spermatogenic cells and decreased numbers of sper-
matozoa were observed in the testes of male rats,
while uterine atrophy was observed in female rats.

Hepatocyte hypertrophy of the centrilobular and
midzonal regions of liver lobules was present in mice
that received 200 ppm and increased in severity at
higher exposure levels.

2-YEAR STUDIES

The doses selected for the 2-year study of
o-nitroanisole in rats were based on lower mean body
weights, reduced feed consumption, and increased
severity of regenerative anemia in male and female
rats receiving 6,000 and 18,000 ppm during the
13-week study. Groups of 60 male and 60 female
F344 rats received diets containing 0, 222, 666, or
2,000 ppm o-nitroanisole. Groups of 60 male and
60 female B6C3F, mice received diets containing 0,
666, 2,000, or 6,000 ppm o-nitroanisole.  After
15 months, up to 10 animals from each group were
evaluated for chemical-related lesions.

Survival, Body Weights, Feed Consumption,
and Clinical Findings

Survival of male rats receiving 2,000 ppm was
significantly lower than that of the controls due to in-
creased severity of nephropathy. Survival of 222 and
666 ppm male rats and all exposed female rats was
similar to that of the controls. Survival of groups of
exposed male and female mice was similar to that of
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the controls. The final mean body weight of male
rats receiving 2,000 ppm was lower than that of the
controls. Final mean body weights of male and
female mice that received 2,000 and 6,000 ppm were
lower than those of the controls. Feed consumption
by male and female rats was similar to that by the
controls. The only clinical finding in male or female
mice attributable to chemical administration was
discolored urine.

Neoplasms and Nonneoplastic Lesions

The incidence of mononuclear cell leukemia was
significantly increased in male rats that received 666
and 2,000 ppm and in female rats that received
2,000 ppm (males: 0 ppm, 26/50; 222 ppm, 25/50;
666 ppm, 42/50; 2,000 ppm, 34/50; females: 14/50,
11/50, 14/50, 26/50). Nephropathy occurred in all
male rats; the severity increased with exposure level.
Focal hyperplasia of the renal tubule epithelium was
present in three males receiving 222 ppm and two
males receiving 2,000 ppm. Renal tubule adenomas
occurred in one male from each of the 222, 666, and
2,000 ppm groups, and renal tubule carcinomas
occurred in two males from the 2,000 ppm group.
Focal hyperplasia of the transitional epithelium of
the urinary bladder was present in one female rat
that received 222 ppm and two male rats and six
female rats that received 2,000 ppm. A transitional
cell papilloma occurred in the urinary bladder of one
female rat from the 2,000 ppm group, and a transi-
tional cell carcinoma occurred in another female
from the 2,000 ppm group. The incidence of fore-
stomach ulcers increased in male rats that received
2,000 ppm, and the incidence of focal hyperplasia of
the forestomach increased with exposure level in
male and female rats. In addition, squamous cell
papillomas of the forestomach were present in one
female receiving 222 ppm, one male receiving
666 ppm, and one male and one female receiving
2,000 ppm, while squamous cell carcinomas were
present in one male receiving 666 ppm and one male
and one female receiving 2,000 ppm. The incidences
of pituitary gland adenomas in male rats and mam-

. mary gland fibroadenomas in female rats decreased

with exposure level,

The incidence of cellular alteration in the liver was
significantly increased in exposed groups of male and
female mice. The incidences of hepatocellular
adenoma, hepatocellular adenoma or carcinoma
(combined), and hepatocellular carcinoma or
hepatoblastoma (combined) were significantly

i
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increased in male mice receiving 2,000 and
6,000 ppm. The incidences of hepatocellular ade-
noma or carcinoma were significantly increased in
female mice that received 2,000 ppm.

STOP-EXPOSURE STUDY

Groups of 60 male and 60 female F344 rats received
diets containing 0, 6,000, or 18,000 ppm o-nitro-
anisole for 27 weeks and were then maintained on
control feed without further chemical exposure for up
to an additional 77 weeks. Up to 10 rats from each
group were evaluated for the presence of chemical-
related lesions at 3, 6, 9, and 15 months.

Survival and Body Weights

Survival of exposed male and female rats was signifi-
cantly lower than that of the controls as a result of
moribund deaths associated with significantly in-
creased incidences of urinary bladder neoplasms,
primarily transitional cell carcinomas. All male rats
that received 18,000 ppm were dead by week 48 and
all females that received 18,000 ppm were dead by
week 61. Mean body weights of exposed male and
female rats were lower than those of the controls
throughout the study.

Neoplasms and Nonneoplastic Lesions

Hyperplasia of the transitional epithelium of the
urinary bladder was present in nearly all exposed
male and female rats examined at the interim evalua-
tions. A transitional cell carcinoma was first ob-
served at the 3-month interim evaluation in a male
rat that received 18,000 ppm. At the 6- and 9-month
interim evaluations, transitional cell papillomas or
carcinomas were observed in both exposed groups of
male rats. Transitional cell carcinomas were ob-
served at the 6-month interim evaluation in females
receiving 18,000 ppm and at the 9-month interim
evaluation in females receiving 6,000 and 18,000 ppm.

Adenomatous polyps of the large intestine were
observed in a small number of exposed rats at the 6-,
9-, and 15-month interim evaluations. At the end of
the study, the incidence of adenomatous polyps of the
large intestine was significantly increased in all
exposed groups and carcinomas of the large
intestine were present in four males and two females
from the 18,000 ppm groups. The incidence of

hyperplasia of the transitional epithelium of the
kidney pelvis was significantly increased in exposed
male and female rats and transitional cell papillomas
were present in three males and one female that
received 18,000 ppm. Transitional cell carcinomas of
the kidney were present in one male receiving
6,000 ppm and six males and one female receiving
18,000 ppm. Transitional cell carcinomas of the
urinary bladder were seen in nearly all exposed male
and female rats. Of the males and females receiving
6,000 ppm which were without carcinomas, three
males and one¢ female had transitional cell papillo-
mas.

Generalized centrilobular  hypertrophy, focal
hepatocellular necrosis, multifocal hepatocellular
cytoplasmic vacuolation, and Kupffer cell pigmenta-
tion were observed in the livers of male and female
rats at the 3- and 6-month interim evaluations;
however, only Kupffer cell pigmentation was observed
at the end of the study. Congestion of the red pulp
of the spleen was observed in nearly all exposed male
and female rats at the 3-, 6-, and 9-month interim
evaluations but the incidence was only slightly in-
creased in the 18,000 ppm groups at the end of the
study. Degeneration and atrophy of the seminiferous
tubule epithelium of the testes were observed at the
3- and 6-month interim evaluations in all male rats
receiving 18,000 ppm.

GENETIC TOXICOLOGY

o-Nitroanisole was tested in two laboratories for
mutagenicity in Salmonella typhimurium strains TA97,
TA98, TA100, TA1535, and TA1537 with and without
exogenous metabolic activation (S9).  Positive
responses were observed at both laboratories in
TA100 with and without S9 activation. One labora-
tory found no increase in mutations, while the second
laboratory detected a weakly positive response in
TA1535 without S9. No mutagenic activity was
observed in the other tester strains. o-Nitroanisole
was positive in the mouse lymphoma assay for induc-
tion of trifluorothymidine resistance in L5178Y cells
without S9 activation. In cytogenetic tests with
Chinese hamster ovary cells, o-nitroanisole induced a
significant increase in chromosomal aberrations at
the highest dose tested in the presence of S9 activa-
tion; sister chromatid exchanges were induced both
with and without S9.




CONCLUSIONS

Under the conditions of these feed studies there was
clear evidence of carcinogenic activity* of
o-nitroanisole in male and female F344 rats that
received diets containing 6,000 or 18,000 ppm for
6 months based on overall increased incidences of
benign and malignant neoplasms of the urinary
bladder, transitional cell neoplasms of the kidney, and
benign and malignant neoplasms of the large intes-
tine. There was a chemical-related increased inci-
dence of mononuclear cell leukemia in male and
female rats receiving diets containing 222, 666, or
2,000 ppm o-nitroanisole for 2 years. Marginally
increased incidences of uncommon renal tubule
neoplasms in male rats and forestomach neoplasms in
male and female rats were considered uncertain

o-Nitroanisole, NTP TR 416

findings. There was clear evidence of carcinogenic
activity of o-nitroanisole in male B6C3F, mice based
on increased incidences of benign and malignant
hepatocellular neoplasms. There was some evidence
of carcinogenic activity of o-nitroanisole in female
B6C3F, mice based on increased incidences of
hepatocellular adenomas. A

Increased severity of nephropathy in male rats, and
increased incidences of focal hyperplasia of the renal
tubule epithelium and forestomach ulcers in male
rats, and of transitional cell hyperplasia of the urinary
bladder, focal hyperplasia of the forestomach, and
hyperplasia of transitional epithelium of the kidney
pelvis in male and female rats were associated with
exposure to o-nitroanisole.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 12. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appear on page 14.
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1

Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of ¢-Nitroanisole

Male 344 Rats

Female F344 Rats

2-Year Stop-Exposure 2-Yesdr Stop-Exposure
Study Study® Study Study®
Doses 0, 222, 666, or 0, 6,000, or 18,000 ppm 0, 222, 6696, or 0, 6,009, or 18,080 ppm
2,000 ppm in feed in feed 2,000 ppm in feed in feed
Body weights High-dose group lower Exposed groups lower Exposed groups similar Exposed groups lower
than controls than controls to controls than controls
2-Year survival 32/50, 34/50, 24/50, 13/20, 1720, 0/20 33/50, 41/50, 26/50, 14720, 4/20, 0/20
rates 9/50 33/50
Nonneoplastic Forestomach: focal Urinary bladder: Forestomach: focal Urinary bladder:
effects hyperplasia (3/50, transitional cell hyperplasia (8/50, 8/50, transitional cell
16/50, 25/50, 32/50); hyperplasia (0/59, 13/50, 28/50) hyperplasia (0/58,
ulcers (3/50, 3/50, 8/50, 38/59, 11/60) 34/59, 11/60)
16/50) Kidney: transitional Kidney: transitional
Kidney: renal tubule epithelium hyperplasia epithelium hyperplasia
focal hyperplasia (0/49, (5/60, 34/60, 27/60) (0/60, 6/60, 19/60)
3/50, 0/50, 2/49); .
nephropathy severity
(22,24,26,32)
Neoplastic All organs: Urinary bladder: All organs: Urinary bladder:
effects mononuclear cell transitional epithelium mononuclear cell transitional epithelium

leukemia (26/50, 25/50,
42/50, 34/50)

papilloma (0/59, 9/59,
1/60); transitional
epithelium carcinoma
(0/59, 27/59, 50/60);
squamous cell
papilloma (0/59, 0/59,
4/60); squamous cell
carcinoma (0/59, 0/59,
6/60); sarcoma (0/59,
2/59, 9/60)

Large intestine:
adenomatous polyp
(0/60, 26/60, 30/60);
carcinoma (0/60, 0/60,
5/60)

Kidney: transitional
epithelium papilloma
(0/60, 0/60, 4/60);
transitional epithelium
carcinoma (0/60, 1/60,
8/60)

leukemia (14/50, 11/50,
14/50, 26/50)

papilloma (0/58, 2/59,
1/60); transitional
epithelium carcinoma
(0/58, 28/59, 48/60);
sarcoma (0/58, 2/59,
14/60); squamous cell
papilloma (0/58, 0/59,
4/60); squamous cell
carcinoma (0/58, 0/59,
1/60)

Large intestine:
adenomatous polyp
(0/60, 8/60, 18/60);
carcinoma (0/60, 0/60,
2/60)

Kidney: transitional
epithelium papilloma
(0/60, 0/60, 1/60);
transitional epithelium
carcinoma (0/60, 0/60,
1/60)
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of o-Nitroanisole (continued)

Male ¥F344 Rats

Female ¥344 Rats

2-Year Stop-Exposure 2-Year Stop-Exposure
Study Study Study Study
Uncertain Kidney: renal tubule None Forestomach: None
findings adenoma (0/49, 1/50, squamous cell
1/50, 1/49); papilloma (0/50, 1/50,
renal tubule carcinoma 0/50, 1/50);
(0/49, 0/50, 0/50, 2/49) squamous cell
Forestomach: carcinoma (0/50, 0/50,
squamous cell 0/50, 1/50)
papilloma (0/50, 0/50,
1/50, 1/50);
squamous cell
carcinoma (0/50, 0/50,
1/50, 1/50)
Level of Clear evidence Clear evidence
evidence of
carcinogenic
activity
Male Female
B6C3F,; Mice B6C3F, Mice
Doses 0, 666, 2,000, or 0, 666, 2,000, or
6,000 ppm in feed 6,000 ppm in feed
Body weights Exposed groups Exposed groups
lower than lower than
controls controls
2-Year survival 35/50, 43/50, 38/50, 26/50,
rates 39/50, 40/50 33/50, 45/50
Nonneoplastic None None
effects
Neoplastic Liver: Liver:
effects hepatocellular hepatocellular
adenoma (14/50, adenoma (14/50,
26/50, 41/50, 20/50, 36/50,
29/50); 18/50)
carcinoma (7/50,
12/50, 11/50,
7/50);
hepatoblastoma
(0/50, 3/50, 17/50,
9/50)
Uncertain None None
findings
Level of Clear evidence Some evidence
evidence of
carcinogenic

activity
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of o-Nitroanisole (continued)

Genetic toxicology

Salmonella typhimurium gene mutation Positive with or without S9 in strain TA169; positive without S9 in strain
TA1535; negative with or without S9 in strains TA97, TA98, and TA1537
Mouse lymphoma gene mutations Positive without S9
Sister chromatid exchanges
Chinese hamster ovary cells in vivo: Positive with or without S9
Chromosomal aberrations
Chinese hamster ovary cells in vitro: Weakly positive with $9; negative without S9

3 Denominators of lesions reflect overall rates
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the
evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of
neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under
the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other organizations,
such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an examination of all
available evidence, including animal studies such as those conducted by the NTP, epidemiologic studies, and estimates of exposure.
Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in laboratory animais requires a wider
analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence
observed in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain
findings (equivocal evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be
evaluated because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983
and then revised in March 1986 for use in the Technical Report series to incorporate more specifically the concept of actual weight of
evidence of carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following
five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to
potency or mechanism.

* Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malighant and benign neoplasms, or (iii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to
malignancy.

* Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemically related
increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than
that required for clear evidence.

¢ Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal
increase of neoplasms that may be chemically related.

* No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemically related
increases in malignant or benign neoplasms.

* Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative
limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the
actual boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the
borderline between two adjacent levels. These considerations should include:

* adequacy of the experimental design and conduct;

* occurrence of common versus uncommon neoplasia;

¢ progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

» some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent
course is to assume that benign neoplasms of those types have the potential to become malignant;

¢ combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ
or tissue;

¢ latency in tumor induction;

¢ multiplicity in site-specific neoplasia;

¢ metastases;

¢ supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same
lesion in another sex or species);

¢ presence or absence of dose relationships;

* statistical significance of the observed tumor increase;

¢ oconcurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

* survival-adjusted analyses and false positive or false negative concerns;

e structure-activity correlations; and

* in some cases, genetic toxicology.



o-Nitroanisole, NTP TR 416

NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS
TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on o-nitroanisole on

November 21, 1991, are listed below. Subcommittee members serve as independent scientists, not as representatives of any institution,

company, or governmental agency. In this capacity, subcommittee members have five major responsibilities in reviewing NTP studies:

Curtis D. Klaassen, Ph.D., Chair
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

Paul T. Bailey, Ph.D.
Toxicology Division
Mobil Oil Corporation
Princeton, NJ

Louis S. Beliczky, M.S., M.P.H.
Department of Industrial Hygiene
United Rubber Workers International Union
Akron, OH

Gary P. Carlson, Ph.D.
Department of Pharmacology and Toxicology
Purdue University
West Lafayette, IN

Harold Davis, D.V.M., Ph.D.
School of Acrospace Medicine
Brooks Air Force Base, TX

Robert H. Garman, D.V.M,, Principal Reviewer

Consultants in Veterinary Pathology
Murrysville, PA

* Did not attend

to ascertain that all relevant literature data have been adequately cited and interpreted,

to determine if the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
to judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

Jay 1. Goodman, Ph.D.
Department of Pharmacology and Toxicology
Michigan State University
East Lansing, MI

David W. Hayden, D.V.M,, Ph.D., Principal Reviewer
Department of Veterinary Pathobiology
College of Veterinary Medicine
University of Minnesota
St. Paul, MN

Daniel S. Longnecker, M.D.
Department of Pathology
Dartmouth Medical School
Lebanon, NH

Barbara McKnight, Ph.D., Principal Reviewer
Department of Biostatistics
University of Washington
Seattle, WA

Ellen K. Silbergeld, Ph.D.*
University of Maryland Medical School
Baltimore, MD

Lauren Zeise, Ph.D.
California Department of Health Services’/RCHAS
Berkeley, CA




14

o-Nitroanisole, NTP TR 416

SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On November 21, 1991, the draft Technical Report
on the toxicology and carcinogenesis studies of
o-nitroanisole received public review by the National
Toxicology Program Board of Scientific Counselors
Technical Reports Review Subcommittee. The
review meeting was held at the National Institute of
Environmental Health Sciences, Research Triangle
Park, NC.

Dr. R.D. Irwin, NIEHS, introduced the toxicology
and carcinogenesis studies of o-nitroanisole by
discussing the rationale for study, describing the
experimental design including additional 2-year stop-
exposure studies in rats, reporting on survival and
body weight effects, and commenting on compound-
related neoplasms in rats and mice and nonneoplastic
lesions in rats. The proposed conclusions were clear
evidence of carcinogenic activity in male and female
F344 rats that received diets containing 6,000 or
18,000 ppm for 6 months, clear evidence of carcino-
genic activity in male B6C3F, mice, and some evidence
of carcinogenic activity in female B6C3F, mice.

Dr. Hayden, a principal reviewer, agreed with the
conclusions. He thought the rationale for study
could be strengthened by adding a statement on
consumer exposure as well as occupational exposure,
and by noting that several aromatic amines have been
identified as human bladder carcinogens. Dr. Irwin
said there were no data on human exposure including
the NIOSH National Occupational Exposure Survey.

Dr. McKnight, the second principal reviewer, agreed
with the conclusions. She said the rationale section

should also include mention of why the stop-exposure .

studies were performed. Dr. Irwin said this would be
added. Further, since the conclusions in rats rest
heavily on the results of the stop-exposure studies,
Dr. McKnight suggested that the appendixes should
contain the same level of detail of reporting on
individual animal results as that given the usual
2-year studies (Tables E2 and F2).

Dr. Garman, the third principal reviewer, agreed with
the conclusions. He said that a statement that
absence of renal tubule epithelial cell degeneration in
male rats in the high-dose group of the stop-exposure
study may have been due to marked reduction in feed
consumption should be better elaborated. Dr. Irwin

responded that the reduction in feed consumption
and body weight was such that the physiology of the
animal was altered, leading to an interpretation of an
association with diminished renal pathology.

Noting that this was one of the first reports to be
considered by the Subcommittee that had both
conventional 2-year and stop-exposure study designs,
Dr. Klaassen asked for discussion about presentation
of design information and results. Dr. Goodman and
Mr. Beliczky stated that the results should be consid-
ered and reported separately, while Dr. Garman
thought they should not be separated, as the stop-
exposure study serves to more or less support or
confirm the chronic study. Dr. Irwin observed that
the stop-exposure study is usually chosen based on
the incidence of a lesion with questionable biological
behavior at a higher dose level in prechronic studies.
In this case, the data from the stop and chronic
studies were treated as part of a dose-response and,
thus, it was considered appropriate to combine the
findings. Dr. S. Eustis, NIEHS, agreed and said that
the NTP would prefer not to draw separate
conclusions. Dr. Davidson pointed out that the level
of evidence in rats would have been less clearcut
without the results from the stop-exposure studies.
Dr. Goodman said that separation of the statement
about mononuclear cell leukemias in rats was
appropriate, as the incidences of leukemia in male
rats were supportive of some evidence and in female
rats were supportive of equivocal evidence. Dr.
Hayden commented that the evidence was supportive
of a positive finding for leukemia in both male and
female rats but perhaps not as part of clear evidence.
Dr. Klaassen concluded that there was not a
consensus on this issue.

Dr. Hayden moved that the Technical Report on
o-nitroanisole be accepted with the revisions dis-
cussed and with the conclusions as written for male
and female rats and male mice, clear evidence of
carcinogenic activity, and for female mice, some
evidence of carcinogenic activity.  Dr. Garman
seconded the motion. Dr.. McKnight offered an
amendment that mononuclear cell leukemia be listed
in the first sentence as part of clear evidence in male
and female rats. The amendment was tabled for lack
of a second. Dr. Hayden’s motion was then accepted
unanimously with 10 votes.
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INTRODUCTION
OCHs

NO,

o-NITROANISOLE

CAS No. 91-23-6

Chemical Formula: C;H;NO,

Synonyms: Methoxynitrobenzene, nitrophenyl methyl ether

PHYSICAL AND CHEMICAL
PROPERTIES, PRODUCTION, AND USE
o-Nitroanisole is a colorless to slightly yellow liquid
with a boiling point of 277° C, a melting point of 9°
to 10° C, and a specific gravity of 1.254.
o-Nitroanisole is insoluble in water but is soluble in
most organic solvents (Merck Index, 1983). Two
general methods exist for the preparation of
o-nitroanisole:  methylation of o-nitrophenol or
displacement of chloride from o-nitrochlorobenzene
by the methoxide ion (NaOH/methanol).
o-Nitroanisole is used primarily as a precursor to
o-anisidine which is prepared by direct nitro-
reduction. o-Anisidine is used extensively in the
synthesis of azo dyes either directly after being
converted to a diazonium salt or as a precursor for
the preparation of dianisidine which is diazotized and
coupled. Directly or indirectly, o-anisidine is used in
the manufacture of over 100 azo dyes.

PHARMACOKINETICS AND
METABOLISM

The pharmacokinetics and metabolism of
o-nitroanisole have been examined in male F344 rats
(Miller er al., 1985). Following an intravenous dose
of 25 mg/kg, "C derived from o-nitroanisole was
rapidly distributed to tissues with the maximum tissue
concentrations being reached within 15 minutes after

Molecular Weight: 153.13

administration. Elimination of C from tissues was
also rapid and followed a two-component decay. The
initial elimination phase was rapid in all tissues and
was characterized by a half-life of 1 to 2 hours;
however, the terminal elimination phase was slower
and varied considerably from tissue to tissue. In
plasma, liver, brain, lung, small intestine, and kidney,
the terminal elimination half-life was 2.5 days, while
that from muscle, blood, spleen, and testes was 4.0,
4.5,5.2, and 6.2 days, respectively. Elimination of the
parent compound (nonradioactive) from the blood
was also biphasic with half-lives of 30 minutes and
2.2 hours, while elimination of the parent compound
from liver, kidney, and small intestine was
monophasic.

Within 24 hours after oral administration of a 5 or
50 mg/kg dose of MC o-nitroanisole, 73% of the
5 mg/kg dose and 69% of the 50 mg/kg dose had
been excreted in the urine. Within 7 days after
administration, 71% to 78% of the label had been
excreted in the urine and 7% in feces. Moreover, the
quantity of radioactivity excreted in the bile was
similar to the amount found in the feces, indicating
that little if any enterohepatic recirculation was
occurring. Examination of the urinary metabolites
indicated that 63% of the administered dose was
present as o-nitrophenyl sulfate, 11% as
o-nitrophenyl glucuronide, 1.5% as o-nitrophenol,
and 0.6% as o-anisidine. This suggests the metabolic




16

scheme shown in Figure 1, in which o-demethylation
is the major pathway to form o-nitrophenol followed
by sulfate or glucuronide conjugation.

Nitroreduction to o-anisidine was quantitatively a
minor pathway; o-anisidine was found only in the
liver, and the concentration decayed rapidly and was
below the limit of detection within 2 hours after
dosing.

CARCINOGENICITY

There are no published studies that have examined
the toxicity or - carcinogenicity of o-nitroanisole.
However, o-anisidine has been evaluated for carcino-
genic potential by the NTP (NCI, 1978b). Groups of
55 F344/N rats received diets containing 5,000 or
10,000 ppm and groups of 55 B6C3F, mice received
diets containing 2,500 or 5,000 ppm o-anisidine for
103 weeks. The incidences of transitional cell papil-
lomas or carcinomas of the urinary bladder were
significantly increased in all groups of dosed rats
(males: 0/51, 52/54, 52/52; females: 0/49, 46/49,
50/51) and in high-dose mice (males: 0/48, 2/55,
22/53; females: 0/50, 1/51, 22/50).

GENETIC TOXICITY

o-Nitroanisole was positive for induction of DNA
damage in Bacillus subtilis in the absence of S9
(Shimizu and Yano, 1986) and induction of gene
mutations in Salmonella typhimurium strain TA100,
with and without S9 (Table G1; Chiu ef al., 1978;
Tokiwa et al., 1981; Haworth et al., 1983). It was also
reported to be mutagenic in S. yphimurium strains
TA98 and TA1538 without S9 (Chiu et al, 1978;
Shimizu and Yano, 1986). In Chinese hamster ovary
cell cultures, o-nitroanisole induced sister chromatid
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exchanges with and without S9 and chromosomal
aberrations in the presence of S9 (Tables G3 and G4;
Galloway et al, 1987).

Mutagenicity data are available for two metabolites of

o-nitroanisole, o-nitrophenol and o-anisidine.
o-Nitrophenol did not induce gene mutations in
S. typhimurium, with or without S9 (Chiu ez al, 1978;
Haworth et al., 1983; Suzuki ef al., 1983; Shimizu and
Yano, 1986), did not induce DNA damage in
B. subtilis (Natake et al., 1979; Shimizu and Yano,
1986), and did not induce sex-linked recessive lethal
mutations in germ cells of male Drosophila
melanogaster (NTP, unpublished data).

o-Anisidine, the second metabolite, was genotoxic. It
induced gene mutations in S. typhimurium in the
presence, but not the absence, of S9 (Zeiger et al.,
1992), and was mutagenic with and without S9 in
mouse lymphoma L5178Y cells (Wangenheim and
Bolcsfoldi, 1988). It did not induce sex-linked
recessive lethal mutations in D. melanogaster (Yoon
et al., 1985). Induction of DNA strand breaks was
reported in mouse lymphoma L5178Y cells treated
with o-anisidine in the presence of S9 (Garberg et al,
1988), but tests for induction of DNA repair
conducted in male rat hepatocytes without S9 were
negative (Yoshimi et al., 1988). o-Anisidine induced
both sister chromatid exchanges and chromosomal
aberrations in Chinese hamster ovary cells with and
without S9 (Galloway et al., 1987).

STUDY RATIONALE

o-Nitroanisole was evaluated for carcinogenic
potential because of its structural similarity to
o-anisidine and because human exposure might be
associated with its widespread use in the manufacture
of azo dyes.
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FIGURE 1
The Metabolic Pathway of o-Nitroanisole (Miller et al., 1985)
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
0-NITROANISOLE

o-Nitroanisole was obtained from the Aldrich
Chemical Company (Milwaukee, WI) in three lots
(lots TE061197, 2712DL, and 1517AM). Lot
TE061197 was used throughout the 14-day and
13-week studies in rats and mice and in portions of
the 2-year and stop-exposure studies in rats.
Lot 2712DL was used in a portion of the
stop-exposure study in rats and portions of the 2-year
studies in rats and mice; lot 1517AM was used in a
portion of the 2-year studies in rats and mice.
Identity, purity, and stability analyses were performed
by the analytical chemistry laboratory, Midwest
Research Institute (MRI; Kansas City, MO), and
confirmed by the study laboratory (Appendix J).

All three lots of the study chemical, a clear yellow
liquid, were identified as o-nitroanisole by infrared,
ultraviolet/visible, and nuclear magnetic resonance
spectroscopy. The purity of the lots was found to be
greater than 99% by Karl Fischer water analysis,
clemental analyses, titration of the nitro group,
thin-layer chromatography, and gas chromatography.
Stability studies performed at the analytical chemistry
laboratory indicated that o-nitroanisole was stable as
a bulk chemical for 2 weeks at temperatures up to
60° C when stored protected from light. The stability
of the bulk chemical was monitored periodically at
the study laboratory using infrared and ultraviolet
spectroscopy and gas chromatography methods. No
change in purity was observed.

PREPARATION AND ANALYSIS

OF DOSE FORMULATIONS

The dose formulations were prepared by mixing
o-nitroanisole and feed in a blender (Table J1).
Studies to determine homogeneity and stability of the
dosed feed preparations were conducted by the
analytical chemistry laboratory. Homogeneity was
confirmed using ultraviolet spectroscopy methods for
sample analysis. The stability studies of the dose
formulations were performed using high performance
liquid chromatography (HPLC) methods. These

studies indicated that the dose formulations were
stable for at least 3 weeks at room temperature and
1 week when stored under simulated animal cage
conditions.

Periodic analyses of the dose formulations of
o-nitroanisole were conducted at the study laboratory
and the analytical chemistry laboratory using either
ultraviolet spectroscopy or HPLC methods. During
the 14-day studies, the dose formulations were
analyzed at the beginning of the studies (Table J2).
During the 13-week studies, the dose formulations
were analyzed at the initiation, midpoint, and end of
the studies (Table J3). During the 2-year studies, the
dose formulations were analyzed at least once every
8 weeks (Table J4). In the 2-year and stop-exposure
studies, 85% (141/166) of the dose formulations were
within 10% of the target concentrations. Results of
the periodic referee analyses performed by the
analytical chemistry laboratory were in good
agreement with the results obtained by the study
laboratory (Table J5).

14-DAY STUDIES

Male and female F344 rats and B6C3F, mice were
obtained from the Charles River Breeding Facility
(Kingston, NY). At receipt, the rats were 4 to
5 weeks old and the mice were 5 t0 6 weeks old. The
animals were quarantined for 21 days before exposure
began. Before the beginning of the studies, five
animals of each species and sex were randomly
selected for parasite evaluation and gross observation
for evidence of disease.

Groups of five male and five female rats were fed
diets containing 0, 583, 1,166, 2,332, 4,665, or
9,330 ppm o-nitroanisole; groups of five male and
five female mice were fed diets containing 0, 250, 560,
1,000, 2,000, or 4,000 ppm o-nitroanisole. The
appropriate feed was supplied weekly and was
available ad libitum. Animals were housed five per
cage and water was available ad libitum. Clinical
findings were recorded twice daily. Feed
consumption was recorded weekly by cage. The
animals were weighed at study initiation, at day 7,
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and at the end of the studies. Details of study design
and animal maintenance are summarized in Table 1.

At the end of the 14-day studies, blood and urine
were collected from all male rats for clinical pathol-
ogy analyses. The clinical pathology parameters
measured are listed in Table 1. A gross necropsy was
performed on all rats and mice. The brain, heart,
right kidney, liver, lungs, right testis, thymus, and
trachea were weighed from rats and mice.
Histopathologic examinations were not conducted.

13-WEEK STUDIES

The 13-week studies were conducted to evaluate the
cumulative toxic effects of repeated exposure to
o-nitroanisole and to determine the appropriate doses
to be used in the 2-year studies.

Male and female F344 rats and B6C3F, mice were
obtained from the Charles River Breeding Facility
(Portage, MI). Upon receipt, the rats were 4 to
5 weeks old and the mice were 5 to 6 weeks old. The
animals were quarantined for 9 days before exposure
began. Before the beginning of the studies, five
animals of each species and sex were randomly
selected for parasite evaluation and gross observation
for evidence of disease. At the end of the studies,
serologic analyses were performed on five control
animals of each species and sex using the protocols of
the NTP Sentinel Animal Program (Appendix M).

Groups of 10 male and 10 female rats were fed diets
containing 0, 200, 600, 2,000, 6,000, or 18,000 ppm
o-nitroanisole; groups of 10 male and 10 female mice
were fed diets containing 0, 60, 200, 600, 2,000, or
6,000 ppm o-nitroanisole. The appropriate feed was
supplied weekly and was available ad lLbitum.
Animals were housed five per cage; water was
available ad libitum. Clinical findings were recorded
twice daily. Feed consumption was recorded weekly
by cage. The animals were weighed at the beginning
of the studies and weekly thereafter. Further details
of study design and animal maintenance are
summarized in Table 1.

At the end of the 13-week studies, blood and urine
were collected from all animals for clinical pathology
analyses. The clinical pathology parameters
measured are listed in Table 1. A necropsy was per-
formed on all animals. The brain, heart, right kidney,
liver, lungs, spleen, right testis, and thymus were
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weighed. Tissues for microscopic examination were
embedded in paraffin, sectioned to a thickness of 4 to
6 um, and stained with hematoxylin and eosin. A
complete histopathologic examination was performed
on all control animals, all animals that received
6,000 ppm, and all animals dying early. The
epididymis, kidney, liver, spleen, testis, and urinary
bladder of all exposed rats were examined
microscopically. Table 1 lists the tissues and organs
routinely examined microscopically.

2-YEAR STUDIES

Study Design

In the core study, groups of 60 male and 60 female
rats were fed diets containing 0, 222, 666, or
2,000 ppm o-nitroanisole; groups of 60 male and
60 female mice were fed diets containing 0, 666,
2,000, or 6,000 ppm o-nitroanisole for 103 weeks. Up
to 10 rats and mice per group were designated for
interim evaluations after 15 months of chemical
administration.

The stop-exposure study consisted of groups of
60 male and 60 female rats fed diets of 0, 6,000, or
18,000 ppm o-nitroanisole for 27 weeks and then held
up to an additional 77 weeks without further treat-
ment. Ten rats per group were scheduled for interim
evaluations after 3, 6, 9, and 15 months.

Source and Specification of Animals

Male and female F344 rats and B6C3F, mice were
obtained from Simonsen Laboratories (Gilroy, CA)
for use in the 2-year studies. Rats were quarantined
for 11 days, and mice were quarantined for 10 days
before the beginning of the studies. Five rats and
five mice of each sex were selected for parasite
evaluation and gross observation of disease. Serology
samples were collected for viral screening. Rats and
mice in the 2-year studies were approximately 40 days
old at the beginning of the studies; rats in the
stop-exposure study were approximately 41 days old
at the beginning of the study. The health of the
animals was monitored during the studies
according to the NTP Sentinel Animal Program
(Appendix M).

Animal Maintenance

Rats were housed five per cage; mice were housed
individually. =~ Feed and water were available
ad libitum. Cages were rotated every 2 weeks during
the studies. Further details of animal maintenance
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are given in Table 1. Information on feed compo-
sition is provided in Appendix L.

Clinical Examinations and Pathology

All animals were observed twice daily. Clinical
findings were recorded weekly for the first 13 weeks,
and monthly thereafter. Animals were weighed at
study initiation, weekly for the first 13 weeks, and
monthly thereafter. Up to 10 rats and mice were
selected from each group in the 2-year studies for
interim evaluations at 15 months. During the stop-
exposure study, up to 10 rats from each group were
selected for interim evaluations after 3, 6, 9, and
15 months. All animals received a complete gross
examination. The brain, right kidney, liver, spleen,
and right testis were weighed at the 15-month interim
evaluations in the 2-year studies.

Animals found in a moribund state or surviving to
the end of the 2-year studies received a complete
necropsy. At necropsy, all organs and tissues were
examined for gross lesions, and all major tissues were
fixed and preserved in 10% neutral buffered formalin,
processed and trimmed, embedded in paraffin, sec-
tioned, and stained with hematoxylin and eosin for
microscopic examination. Histopathologic examina-
tions were performed on all tissues with grossly
visible lesions. Tissues examined are listed in
Table 1.

Microscopic evaluations were completed by the study
laboratory pathologist and the pathology data were
entered into the Toxicology Data Management
System. The microscopic slides, paraffin blocks, and
residual wet tissues were sent to the NTP Archives
for inventory, slide/block match, and wet tissue audit.
The slides, individual animal data records, and
pathology tables were evaluated by an independent
quality assessment laboratory. The individual animal
records and tables were compared for accuracy, slide
and tissue counts were verified, and histotechnique
was evaluated. For the 2-year studies in rats, a
quality assessment pathologist reviewed the fore-
stomach, kidney, large intestine (stop-exposure study),
liver, pancreas (male), spleen, uterus (stop-exposure
study), and urinary bladder for accuracy and
consistency of diagnosis. In the 2-year study in mice,
a quality assessment pathologist reviewed the liver,
nose, lung, and lymphoid tissues.

The quality assessment report and slides were
submitted to the NTP Pathology Working Group
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(PWG) chair, who reviewed the selected tissues for
which there was a disagreement in diagnosis between
the laboratory and quality assessment pathologists.
Representative histopathology slides containing
examples of lesions related to chemical adminis-
tration, examples of disagreements in diagnosis
between the laboratory and quality assessment
pathologists, or lesions of general interest were
presented by the chair to the PWG for review. The
PWG consisted of the quality assessment pathologist
and other pathologists experienced in rodent toxico-
logic pathology. This group examined tissues without
knowledge of exposure group or previously rendered
diagnoses. When the consensus opinion of the PWG
differed from that of the laboratory pathologist, the
final diagnosis was changed. Details of these review
procedures have been described, in part, by Maronpot
and Boorman (1982) and Boorman ez al. (1985). For
subsequent analysis of pathology data, the diagnosed
lesions for each tissue type were evaluated separately
or combined according to the guidelines of
McConnell et al. (1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
were censored from the survival analyses at the time
they were found dead of other than natural causes or
were found to be missing; animals dying from natural
causes were not censored. Statistical analyses for
possible dose-related effects on survival used Cox’s
(1972) method for testing two groups for equality and
Tarone’s (1975) life table test to identify dose-related
trends. All reported P values for the survival analysis
are two sided.

Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions
as presented in Tables Al, A5, Bl, BS, C1, C5, D1,
DS, E1, E4, F1, and F4 are given as the number of
animals bearing such lesions at a specific anatomic
site and the number of animals with that site
examined microscopically. For calculation of statis-
tical significance, the incidences of most neoplasms
(Tables A3, B3, C3, D3, E3, and F3) and all nonneo-
plastic lesions are given as the ratio of the number of
affected animals to the number of animals with the
site examined microscopically. However, when
macroscopic examination was required to detect
neoplasms in certain tissues (e.g., skin or mammary
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gland) before microscopic evaluation, or when
neoplasms had multiple potential sites of occurrence
(e.g., mononuclear cell leukemia), the denominators
consist of the number of animals on which a necropsy
was performed.

Analysis of Neoplasm Incidence

The majority of neoplasms in these studies were
considered to be incidental to the cause of death or
not rapidly lethal. Thus, the primary statistical
method used was logistic regression analysis, which
assumed that the diagnosed neoplasms were discov-
ered as the result of death from an unrelated cause
and thus did not affect the risk of death.
approach, neoplasm prevalence was modeled as a
logistic function of chemical exposure and time.
Both linear and quadratic terms in time were incor-
porated initially, and the quadratic term was
eliminated if it did not significantly enhance the fit of
the model. The neoplasm incidences of exposed and
control groups were compared on the basis of the
likelihood score test for the regression coefficient of
dose. This method of adjusting for intercurrent
mortality is the prevalence analysis of Dinse and
Lagakos (1983), further described and illustrated by
Dinse and Haseman (1986). When neoplasms are
incidental, this comparison of the time-specific
neoplasm prevalences also provides a comparison of
the time-specific neoplasm incidences (McKnight and
Crowley, 1984).

In addition to logistic regression, alternative methods
of statistical analysis were used, and the results of
these tests are summarized in the appendixes. These
include the life table test (Cox, 1972; Tarone, 1975),
appropriate for rapidly lethal neoplasms, and the
Fisher exact test and the Cochran-Armitage trend test
(Armitage, 1971; Gart et al, 1979), procedures based
on the overall proportion of neoplasm-bearing
animals.

Tests of significance include pairwise comparisons of
each exposed group with controls and a test for an
overall dose-response trend. Continuity-corrected
tests were used in the analysis of neoplasm incidence,
and reported P values are one sided. The procedures
described above also were used to evaluate selected
nonneoplastic lesions. For further discussion of these
statistical methods, see Haseman (1984).

In this -
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Historical Control Data :
Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, there are certain instances in which
historical control data can be helpful in the overall
assessment of neoplasm incidence. Consequently,
control neoplasm incidences from the NTP historical
control database (Haseman er al, 1984, 1985) are
included in the NTP reports for neoplasms appearing
to show compound-related effects.

Analysis of Continuous Variables

Two approaches were employed to assess the signifi-
cance of pairwise comparisons between exposed and
control groups in the analysis of continuous variables.
Organ and body weight data, which have approx-
imately normal distributions, were analyzed using the
parametric multiple comparison procedures of
Williams (1971, 1972) and Dunnett (1955). Hematol-
ogy, clinical chemistry, and urinalysis data, which
have typically skewed distributions, were analyzed
using the nonparametric multiple comparison
methods of Shirley (1977) and Dunn (1964).
Jonckheere’s test (Jonckheere, 1954) was used to
assess the significance of the dose-response trends
and to determine whether a trend-sensitive test
(Williams’ or Shirley’s test) was more appropriate for
pairwise comparisons than a test that does not
assume a monotonic dose-response trend (Dunnett’s
or Dunn’s test). Average severity values were ana-
lyzed for significance using the Mann-Whitney U test
(Hollander and Wolfe, 1973).

Quality Assurance Methods

The 13-week and 2-year studies were conducted in
compliance with Food and Drug Administration
Good Laboratory Practice Regulations (21 CFR,
Part 58). In addition, as records from the 2-year
studies were submitted to the NTP Archives, they
were audited retrospectively by an independent
quality assurance contractor.  Separate audits
covering completeness and accuracy of the pathology
data, pathology specimens, final pathology tables, and
preliminary review draft of this NTP Technical
Report were conducted. Audit procedures and
findings are presented in the reports and are on file
at NIEHS. The audit findings were reviewed and
assessed by NTP staff so all had been resolved or
were otherwise addressed during the preparation of
this Technical Report.
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GENETIC TOXICOLOGY

The genetic toxicity of o-nitroanisole was assessed by
testing its ability to induce mutations in
Salmonella typhimurium, sister chromatid exchanges
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and chromosomal aberrations in Chinese hamster
ovary cells, and trifluorothymidine resistance in
mouse L5178Y lymphoma cells. The protocols and
results of these studies are given in Appendix G.
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TABLE 1

o-Nitreanisole, NTP TR 416

Experimental Design and Materials and Methods in the Feed Studies of o-Nitroanisole

14-Day Studies

13-Week Studies

Stop-Exposure
Study

2-Year Studies

Study Laboratory
Hazleton Raltech, Inc.
(Madison, WI)

Strain and Species
Rats: F344
Mice: B6C3F,

Animal Source
Charles River Breeding
Facility (Kingston, NY)

Time Held Before Studies
21 days

Hazleton Raltech, Inc.
(Madison, WI)

Rats: F344
Mice: B6C3F,;

Charles River Breeding
Facility (Portage, MI)

9 days

Average Age When Studies Began

Rats: 7-8 weeks
Mice: 8-9 weeks

vDate of First Dose
31 March 1982

Duration of Dosing
Rats: 14 days
Mice: 15 days

Date of Last Dose
Rats: 14 April 1982
Mice: 15 April 1982

Necropsy Dates
Rats: 14 April 1982
Mice: 15 April 1982

Rats: 5-6 weeks
Mice: 6-7 weeks

14 May 1982

Rats: 90 days (males)
91 days (females)

Mice: 94 days (males)
95 days (females)

Rats: 13 August 1982
Mice: 17 August 1982

Rats: 13 August 1982
Mice: 17 August 1982

Southern Research Institute
(Birmingham, AL)

Rats: F344

Simonsen Laboratories
(Gilroy, CA)

11 days

41 days

18 September 1984

27 weeks

25 March 1985

3-Month interim:

13-14 December 1984
6-Month interim:

26-27 March 1985
9-Month interim:

18-19 June 1985
15-Month interim:

16-17 December 1985
Terminal:

15-16 September 1986

Southern Research Institute
(Birmingham, AL)

Rats: F344
Mice: B6C3F,

Simonsen Laboratories
(Gilroy, CA)

Rats: 11 days
Mice: 10 days

40 days
Rats: 11 September 1984

Mice: 23 October 1984

103 weeks

Rats: 1 September 1986

" Mice: 13 October 1986

Rats -
15-Month interim:
10-12 December 1985
Terminal:
8-15 September 1986
Mice -~
15-Month interim:
20-22 January 1986
Terminal:
20-27 October 1986
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Experimental Design and Materials and Metheds in the Feed Studies of o-Nitroanisole (continued)

14-Day Studies 13-Week Studies

Stop-Exposure
Study

2-Year Studies

Average Age at Necropsy
Rats: 9-10 weeks
Mice: 10-11 weeks

Rats: 19-20 weeks
Mice: 21-22 weeks

Size of Study Groups
S males and § females 10 males and 10 females
Method of Distribution
Animals were grouped by
weight intervals. Animals
were assigned to cages, then
the cages were assigned to
dose g ups using an
appropriate table of random
numbers. ’

Same as 14-day studies

Animals per Cage
5 5

Method of Animal Identification
Metal tags Same as 14-day studies

Diet

NIH-07 open formula rat
and mouse diet (Teklad Test
Diets, Winfield, LA),
available ad libitum

Same as 14-day studies

Maximum Storage Time for Feed
Not available Not available

Water

Automatic watering system
(Systems Engineering, Palo
Alto, CA), available

ad libitum

Same as 14-day studies

Cages
Polycarbonate, changed
twice weekly

Same as 14-day studies

3-Month interim: 128 days
6-Month interim: 231 days
9-Month interim: 315 days
15-Month interim: 496 days
Terminal: 769 days

60 males and 60 females

Same as 14-day studies

Toe clip

NIH-07 open formula mash
diet, (Zeigler Brothers,
Gardners, PA), available
ad libitum

120 days from milling

Automatic watering sysiem
(Edstrom Industries, Inc.,
Waterford, WI), available
ad libitum

Polycarbonate (Lab
Products, Inc., Garfield, NJ),
changed twice weekly

15-Month interim:
496 days (rats)
495 days (mice)

Terminal: 771 days

60 males and 60 females

Same as 14-day studies

Rats: 5
Mice: 1

Same as stop-exposure study

Same as stop-exposure study

120 days from milling

Same as stop-exposure study

Same as stop-exposure study,
but changed twice weekly for
rats and once weekly for
mice
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o-Nitroanisole, NTP TR 416

Experimental Design and Materials and Methods in the Feed Studies of o-Nitroanisole (continued)

14-Day Studies

13-Week Studies

Stop-Exposure
Study

2-Year Studies

Bedding

BetaChips hardwood
laboratory bedding
(Northeastern Products,
Warrensburg, NY), changed
twice weekly

Cage Filters
Nonwoven polyester

Racks
Stainless steel

Animal Room Environment
Temperature: 22° + 1° C
Relative humidity:

50% + 10%
Fluorescent light:

12 hours/day
Room air: 10-15

changes/hour

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Temperature: 22° + 2°C
Relative humidity:
50% x 20%
Fluorescent light:
12 hours/day
Room air: 10-15
changes/hour

Same as 14-day studies

Reemay spun-bonded
polyester (Snow Filtration,
Cincinnati, OH, or Andico,
Birmingham, AL), changed
once every 2 weeks

Stainless steel (Lab
Products, Inc., Maywood,
NI), changed once every
2 weeks

Temperature: 19°-27° C
(9/17/84-3/30/86); 20°-24° C
(4/1/86-9/16/86)
Relative humidity: 25%-65%
(9/17/84-3/30/86); 18%-58%
(4/1/86-9/16/86)
Fluorescent light:
12 hours/day
Room air: minimum of 15
changes/hour

Same as 14-day studies, but
changed twice weekly (rats) .
and once weekly (mice)

Same as stop-exposure study

Stainless steel (Lab
Products, Inc., Garfield, NJ),
changed once every 2 weeks

Rats -
Temperature: 19°-27° C
(8/30/84-3/30/86); 15°-26° C
(4/1/86-9/15/86)
Relative humidity: 27%-61%
(8/30/84-3/30/86); 23%-69%
(4/1/86-9/15/86)
Fluorescent light:
12 hours/day
Room air: minimum of 15
changes/hour

Mice ~
Temperature: 18°-26° C
(10/12/84-3/30/86); 19°-25° C
(4/1/86-10/27/86) :
Relative humidity: 24%-70%
(10/12/84-3/30/86);
21%-13% (4/1/86-10/27/86)
Fluorescent light:
12 hours/day
Room air changes: minimum
of 15 changes/hour
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Experimental Design and Materials and Methods in the Feed Studies of o-Nitroanisole (continued)

14-Day Studies

13-Week Studies

Stop-Exposure
Study

2-Year Studies

Doses

Rats: 0, 583, 1,116, 2,332,
4,665, or 9,330 ppm in feed,
available ad libitum

Mice: 0, 250, 500, 1,000,
2,000, or 4,030 ppm in feed,
available ad libitum

Rats: 0, 260, 609, 2,000,
6,000, or 18,680 ppm in
feed, available ad libitum

Mice: 0, 60, 200, 609, 2,000,

or 6,680 ppm in feed,
available ad libitum

Type and Frequency of Observation

Observed twice daily;
animals weighed initially, at
day 7, and at end of studies;
clinical observations
recorded twice daily; feed
consumption recorded by
cage weekly.

Method of Sacrifice
Not available

Necropsy

Necropsy performed on all
animals. Organs weighed
were brain, heart, right
kidney, liver, lungs, right
testis, thymus, and trachea.

Clinical Pathology
Blood and urine samples
were collected from all male

rats.

Hematology: hematocrit,
hemoglobin, erythrocytes,
reticulocytes, total leukocyte
count and differential,
nucleated erythrocytes, and
total bone marrow cellularity

Observed twice daily;
animals weighed initially,
weekly, and at end of
studies; clinical observations
recorded twice daily; feed
consumption recorded by
cage weekly.

Not available

Necropsy performed on all
animals. Organs weighed
were brain, heart, right
kidney, liver, lungs, spleen,
right testis, and thymus.

Blood and urine samples
were collected from all
animals.

Hemnatology: hematocrit,
hemoglobin, erythrocytes,
reticulocytes, mean
erythrocyte volume, mean
erythrocyte hemoglobin,
mean erythrocyte

0, 6,600, or 18,600 ppm in
feed, available ad libitum

Observed twice daily; animal
weights and clinical findings
recorded weekly through
week 13, monthly thereafter,
and at interim evaluations or
death; feed consumption
measured daily per cage for
1 week each month.

Thoracotomy under ether
anesthesia at the 3-, 6-, and
9-month interim evaluations.
Carbon dioxide asphyxiation
at the 15-month interim
evaluation and the end of
the study.

All animals necropsied;
organs weighed at 3-, 6-, and
9-month interim evaluations
were right kidney, liver,
spleen, right testis, urinary
bladder, and uterus. Organs
weighed at the 15-month
interim evaluation were right
kidney, liver, spleen, right
testis, urinary bladder, and
uterus.

Blood was collected twice at
the 3- and 6-month interim
evaluations for hematology
and clinical chemistry
determinations. Blood was
collected once at the
9-month interim evaluation
for hematology and clinical
chemistry determinations.

Rats: 0, 222, 666, or

2,600 ppm in feed, available
ad libitum

Mice: 0, 666, 2,089, or
6,000 ppm in feed, available
ad libitum

Observed twice daily; animal
weights and clinical findings
recorded weekly through
week 13, monthly thereafter,
and at interim evaluations or
death; feed consumption
measured daily per cage for
1 week each month.

Thoracotomy under ether
anesthesia at the interim
evaluations. Carbon dioxide
asphyxiation at the end of
the studies.

All animals necropsied.
Organs weighed at the
interim evaluations were
brain, right kidney, liver,
spleen, and right testis.

None
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TABLE 1

o-Nitroanisole, NTP TR 416

Experimental Design and Materials and Methods in the Feed Studies of o-Nitroanisole (continued)

Stop-Exposure :
14-Day Studies 13-Week Studies Study 2-Year Studies
Clinical Pathology (continued)
Clinical chemistry: Hematology (continued): Hematology: hematocrit,
methemoglobin hemoglobin concentration, hemoglobin, mean
Urinalysis: specific gravity leucocyte count and erythrocyte volume, mean
differential, and nucleated erythrocyte hemoglobin,
erythrocytes mean erythrocyte
Clinical chemistry: hemoglobin concentration,
methemoglobin platelets, reticulocytes, total
Urinalysis: specific gravity leukocyte count and
differential, and nucleated -
erythrocytes
methemoglobin
Histopathology
None Complete histopathologic At the interim evaluations Complete histopathologic

examinations were
performed on all control rats
and mice, all rats and mice
that received 6,000 ppm, and
all rats and mice that died
early. In addition to tissue
masses, gross lesions, and
associated lymph nodes, the
tissues examined included:
adrenal gland, colon (rats),
clitoral gland (rats),
epididymis, eye, heart (rats),
kidney, liver, lung and
mainstem bronchi, mammary
gland (mice), mandibular
lymph node (rats), nose
(rats), ovary, parathyroid
gland, pituitary gland (rats),
preputial gland (rats),
rectum (rats), salivary gland,
seminal vesicle, skin (mice),
spleen (rats), testis, thymus,
thyroid gland, trachea (rats),
urinary bladder, uterus
(rats), and vagina (mice). In
addition, the epididymis,
kidney, liver, spleen, testis,
and urinary bladder of all
exposed rats were examined
microscopically.

examinations were
performed on all control,
high-dose, and early death
rats, all mice, and all rats
and mice at the 15-month
interim evaluations. In
addition to tissue masses,
gross lesions, and associated
lymph nodes, the tissues
examined included: adrenal
gland, bone (including
marrow), brain, clitoral
gland, coagulating gland, ear
(male rats), epididymis,
esophagus, eye, gallbladder
(mice), harderian gland,
heart, kidney, lacrimal gland
(female rats), large intestine
(cecum, colon, rectum),
liver, lung, lymph node
(mandibular and
mesenteric), mammary
gland, mesentery, nose,
ovary, pancreas, parathyroid
gland, penis (mice), pharynx
(rats), pituitary gland,
preputial gland, prostate
gland, salivary gland, seminal
vesicle, skeletal muscle, skin,
small intestine (duodenum,
jejunum, ileum), spleen,

and the terminal sacrifice,
kidney, liver, spleen, testis
(including epididymis),
urinary bladder, ureter,
uterus, and gross lesions
were examined
microscopically in all

exposed groups.
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TABLE 1
Experimental Design and Materials and Metheds in the Feed Studies of o-Nitroanisole (continued)

Stop-Exposure
14-Day Studies 13-Week Studies Study 2-Year Studies

Histopathology (continued)
stomach (forestomach and
glandular), testis, thymus,
thyroid gland, tongue
(females), tooth (mice and
male rats), trachea, urinary
bladder, uterus, vagina, and
Zymbal’s gland (female
rats). The clitoral gland,
epididymis, kidney, liver,
preputial gland, spleen,
testis, urinary bladder, and
uterus of all rats receiving
222 and 666 ppm were
examined microscopically.
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RESULTS

Rats

14-DAY STUDY

All rats survived until the end of the study (Table 2).
The mean body weight gains of males receiving 4,665
and 9,330 ppm and the final mean body weight of
males receiving 9,330 ppm were significantly lower
than those of the controls. Mean body weight gains
and final mean body weights of all exposed females
were similar to those of the controls. Feed con-
sumption by male and female rats administered
o-nitroanisole was similar to that by the controls.
Dietary levels of 583, 1,166, 2,332, 4,665, and
9,330 ppm resulted in average daily consumption
levels of 48, 106, 209, 435, and 881 mg/kg for
males and 48, 93, 197, 387, and 787 mg/kg for
females.

Erythrocyte counts, hematocrit values, and
hemoglobin concentrations in all exposed male

TABLE 2

groups were significantly lower than those in controls
(Table I1). Reticulocyte counts and methemoglobin
concentrations were significantly increased in males
receiving 1,166 ppm or more, and Heinz bodies were
present in erythrocytes from 9,330 ppm males.

At the end of the study, the relative brain, kidney,
liver, and testis weights of males and the relative
kidney and liver weights of females in the 9,330 ppm
groups were significantly greater than those of the
controls (Table H1). Because the absolute brain,
kidney, and testis weights were not significantly
increased in exposed groups, the increased relative
organ weights were attributed primarily to the lower
final mean body weights of the 9,330 ppm groups.
However, the significantly increased absolute liver
weights of males that received 1,166 ppm and of
females that received 583 ppm or more o-nitroanisole
were considered related to chemical administration.

Survival, Mean Body Weights, and Feed Consumption of Rats in the 14-Day Feed Study

of o-Nitroanisole

Mean Body Weight” (g)

Final Weight

Relative Feed

Dose Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week 1 Week 2
Male
0 5/5 165 £ 2 237+ 3 72+ 2 15.7 18.7
583 55 169 £ 1 243+ 3 733 102 16.6 171
1,166 5/5 164 = 2 243 £ 5 79 +3 102 16.5 19.7
2,332 5/5 166 + 2 240 + 4 74 +3 101 16.6 19.2
4,665 5/5 166 + 3 229 + 5 63 x 2° 97 17.5 189
9,330 5/5 162 + 2 212 + 2%¢ 51 + 12# 90 15.0 19.3
Female
0 5/5 121 £ 2 151 +1 302 113 10.7
583 5/5 120 £ 3 154 £ 2 341 102 11.2 111
1,166 55 1172 152 £ 2 353 101 11.0 10.7
2,332 5/5 118 + 2 150 + 2 32x2 99 12.0 10.7
4,665 5/5 118 + 1 145 £ 1 26 >x1 96 11.5 10.7
9,330 5/5 119 + 2 148 = 2 291 98 10.5 115

® Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

*® P<0.01

?  Number of animals surviving at 14 days/number initially in group

Weights given as mean =+ standard error. ¢

Feed consumption is expressed as grams/animal per day.
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13-WEEK STUDY

All rats survived until the end of the study, except
one female receiving 2,000 ppm that died during
week 5 (Table 3). Mean body weight gains and final
mean body weights of males and females receiving
6,000 and 18,000 ppm were significantly lower than
those of controls. The final mean body weight of
18,000 ppm males was 52% lower than that of the
controls, while the final mean body weight of
18,000 ppm females was 36% lower than that of the
controls. Final mean body weights of males and
females receiving 6,000 ppm were 14% lower than
those of the controls. Feed consumption by rats
receiving 18,000 ppm was substantially less than that
by controls throughout the study, whereas feed
consumption by the 6,000 ppm groups was only
slightly less than that by controls (Table 4). The
reduced feed consumption may have been due to
decreased palatability. Dietary levels of 200, 600,
2,000, 6,000, and 18,000 ppm resulted in average daily

o-Nitroanisole, NTP TR 416

Hemoglobin and hematocrit values in male and
female rats receiving 2,000, 6,000, and 18,000 ppm
were significantly lower than those in controls
(Table I12). Erythrocyte counts were significantly
lower primarily in males and females receiving 6,000
and 18,000 ppm. These differences were accom-
panied by increases in the mean values for nucleated
erythrocytes, reticulocytes, methemoglobin, and total
leukocyte counts. Heinz bodies were observed
frequently in the erythrocytes of all rats receiving
18,000 ppm and in some rats receiving 6,000 ppm.
These findings are consistent with a mild, regenera-
tive anemia resulting from an increased formation of
methemoglobin. Methemoglobin is formed by the
oxidation of bound iron in hemoglobin from the Fe**
to the Fe** oxidation state followed by irreversible
denaturation of the globin portion of hemoglobin
eventually leading to the formation of Heinz bodies,
which are aggregates of denatured hemoglobin.
Heinz body formation is often associated with

consumption levels of 10, 30, 100, 300, and 720 mg/kg ~ Premature erythrocyte — destruction  due  to
for males and females extravascular or intravascular hemolysis.
TABLE 3
Survival and Mean Body Weights of Rats in the 13-Week Feed Study of o-Nitroanisole
Mean Body Weight” (g) Final Weight
Dose Survival® Initial Final Change Relative to Controls
(ppm) (%)
Male
0 10710 143+ 6 360 + 13 217 = 14
200 10/10 150 + § 373+ 7 223+ 5 104
600 1010 153+ 5 380 + 7 226+ 7 105
2,000 10/10 147+ 6 363+ 4 217+ 8 101
6,000 10/10 142+ 6 311 £ 5% 169 + 5* 86
18,000 10/10 158 + 4 173 = 7** 15+ 7°° 48
Female
0 10710 116+ 3 213+ 3 97+ 3
200 10710 13+ 4 217+ 3 104 = 4 102
600 10710 117+ 3 21 % 2 94+ 3 99
2,000 9110° 114 = 2 208 £ 3 95+ 3 98
6,000 10/10 115+ 1 183 = 2** 68 & 2°* 86
18,000 10/10 113+ 2 137 + 2** 2% 20 64

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

2 Number of animals surviving at 13 weeks/number initially in group
b Weights given as mean + standard error. Subsequent calculations are based on animals surviving to the end of the study.

¢ Week of death: §
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Feed Consumption by Rats in the 13-Week Feed Study of o-Nitroanisele?

Weels of
Study 0 ppm 200 ppm 660 ppm 2,080 ppm 6,0¢0 ppm 18,680 ppm
Male
1 14.7 16.1 159 15.5 122 58
2 18.7 159 158 16.1 15.0 8.1
3 16.2 19.1 183 18.0 155 94
4 148 15.5 15.2 15.2 14.9 10.1
5 15.0 15.2 15.7 15.0 15.0 10.0
6 15.6 149 15.4 15.4 15.2 9.2
7 15.7 155 16.6 165 15.1 6.0
8 16.9 16.6 20.2 17.6 16.6 8.2
9 171 16.1 16.9 171 15.6 8.7
10 15.9 165 16.4 16.5 15.1 92
1 153 138 16.8 159 14.2 9.6
12 14.4 16.2 16.2 15.7 14.7 94
13 135 13.7 154 142 133 17
Female
1 10.3 110 10.1 10.2 82 37
2 103 10.5 10.1 9.6 9.3 517
3 10.6 123 98 10.7 9.6 6.7
4 10.2 10.6 10.0 9.7 923 6.6
s 10.5 104 102 9.9 9.0 6.8
6 105 10.4 9.6 89 9.2 6.8
7 9.6 10.7 10.5 10.2 93 68
8 124 112 10.5 114 9.2 6.7
9 11.7 10.8 10.7 10.5 9.0 6.8
10 10.6 10.5 10.7 10.7 923 7.0
11 104 11.0 10.7 10.0 9.1 71
12 9.6 9.9 9.8 9.9 9.1 73
13 105 10.7 9.8 104 93 73
3 Feed consumption is expressed as grams/animal per day.
Urine samples collected from rats receiving than those of the controls, with the exception of the

2,000 ppm or more were dark yellow or
amber-colored, whereas those of control rats were
light yellow or straw-colored. The slightly darker
color of the urine from exposed rats is probably
due to increased excretion of hemoglobin or bilirubin
metabolites rather than increased urine concentration
since the specific gravity of urine from exposed
animals was similar to that of the controls (Table 12).

The absolute and relative liver weights of all exposed
male and female rat groups were significantly greater

absolute liver weight of 18,000 ppm males
(Table H2). The absolute and relative kidney weights
of males receiving 600, 2,000, and 6,000 ppm and the
relative kidney weight of males receiving 18,000 ppm
were significantly greater than those of the controls.
In females, the relative kidney weights were
significantly increased in the 6,000 and 18,000 ppm
groups, but the absolute kidney weights of exposed
female groups and controls were similar. The
increases in absolute and relative liver and kidney
weights were attributed to o-nitroanisole.




The absolute and relative spleen weights of male and
female rats receiving 6,000 and 18,000 ppm were also
significantly increased, which is consistent with the
histologic lesions observed in the spleen. The abso-
lute and relative thymus weights of female rats and
the absolute thymus weight of male rats that received
18,000 ppm were significantly decreased. It is
uncertain if this finding is due to a direct effect of
o-nitroanisole on the thymus, or if the thymus is
more sensitive than other organs to the nutritional
effects associated with decreased feed consumption.
The thymus is particularly sensitive to the effects of
stress and debilitation associated with a variety of
causes and becomes atrophic. Differences in the
absolute or relative testis, heart, and lung weights of
rats receiving 6,000 and 18,000 ppm were associated
with the lower final mean body weights and are not
believed to be the result of specific organ toxicity.

The principal lesions associated with the
administration of o-nitroanisole to rats for 13 weeks
were observed in the urinary bladder, spleen, kidney,
liver, testis, and uterus as described below.

Urinary bladder: Diffuse hyperplasia of the
transitional epithelium of the urinary bladder was
seen in all rats receiving 6,000 and 18,000 ppm
(Table 5). The hyperplasia generally was more severe
in females than in males and more severe in the
18,000 ppm groups than in the 6,000 ppm groups.
Focal squamous metaplasia frequently accompanied
the hyperplasia, particularly in females. The transi-
tional epithelium of exposed rats was thickened and
formed rugose or papillary folds. In rats that
received 18,000 ppm, the transitional epithelium was
often greater than 30 cell layers thick, whereas that of
controls was usually less than five cell layers thick.
The foci of squamous metaplasia consisted of moder-
ate to well-differentiated squamous epithelium with
abundant eosinophilic cytoplasm, prominent
intercellular bridges, and an overlying layer of
keratin.

A transitional cell papilloma of the urinary bladder
was seen in one male, transitional cell carcinomas
were seen in two males and three females, and a
squamous cell carcinoma was seen in one female, all
in the 18,000 ppm groups. The neoplasms were seen
in areas of diffuse hyperplasia. The papilloma
consisted of thick branching folds of transitional
epithelium, and differed from the more severe
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hyperplastic lesions primarily by the extent and
complexity of branching. The transitional cell
carcinomas were also exophytic nodular or rugose
masses, but the markedly thickened epithelium
consisted of anaplastic, pleomorphic cells. The
squamous cell carcinoma consisted of an area of
squamous differentiation with interconnecting cords
and small clusters of pleomorphic squamous cells
infiltrating the submucosa.

Spleen: The splenic red pulp of many males in the
18,000 ppm group and females in the 6,000 and
18,000 ppm groups contained increased numbers of
erythrocytes (congestion), which probably accounts
for the significantly increased absolute and relative
spleen weights of these groups (Table 5). The
congestion was associated with increased numbers of
macrophages containing hemosiderin pigment. All
rats receiving 18,000 ppm and several receiving
6,000 ppm had foci of capsular fibrosis with infil-
trations of erythrocytes, hematopoietic cells, and
mononuclear inflammatory cells which were diag-
nosed as capsular hyperplasia (Plate 1). In addition,
all rats that received 18,000 ppm had mild to
moderate depletion of lymphocytes from the
periarteriolar lymphocytic sheaths and lymphoid
follicles.

Since the spleen is a major site for the removal of
senescent or damaged erythrocytes from the circu-
lation, the congestion and accumulation of
hemosiderin-laden macrophages in the spleen are
frequently associated with hemolytic anemia and
methemoglobinemia. The capsular hyperplasia is
frequently seen in enlarged spleens due to a variety of
causes, and may be the result of small ruptures in the
delicate capsular connective tissue. The precise cause
of the lymphoid depletion in the spleen is uncertain,
but lymphoid depletion at various sites such as the
thymus, lymph nodes, and spleen often accompanies
reductions in body weight, and thus may not be a
direct effect of o-nitroanisole.

Liver:  Generalized centrilobular and midzonal
hepatocyte hypertrophy was seen in all rats receiving
18,000 ppm. The affected hepatocytes were enlarged
and had more homogeneous, eosinophilic cytoplasm
than did unaffected cells in the centrilobular region.
The livers of all rats that received 18,000 ppm also
had scattered Kupffer cells filled with a granular,
golden brown pigment, believed to be hemosiderin.
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Dose (ppm) 0 200 600 2,000 6,000 18,000
Male

n? 10 10 10 10 10 10
Urinary bladder

Hyperplasia® 0 0 0 0 10°5(23)°  10°°(3.6)
Squamous metaplasia 0 0 0 0 0 2 (4.5)
Transitional cell papilloma 0 0 0 0 0 1
Transitional cell carcinoma 0 0 0 0 0 2
Squamous cell carcinoma 0 0 0 0 0 0
Spleen

Congestion 0 0 0 0 0 7°%(2.9)
Pigment (hemosiderin) 0 0 0 0 10°%(3.2) 10%°(2.6)
Lymphoid depletion 0 0 0 0 0 10°¢(3.1)
Capsule, hyperplasia 0 0 0 0 2 (3.0) 10°2(2.7)
Kidney

Degeneration/necrosis 0 0 10°°(2.0) 10°2(2.0) 10°*(3.0) 0
Protein casts 0 0 0 3(20) 10°#(2.5) 0
Mononuclear cell infiltrate 0 0 2(3.5) 4°(2.0) 7°%(2.7) 0
Pigment (hemosiderin) 0 0 0 0 0 9°¢(3.1)
Liver

Hepatocyte hypertrophy 0 0 0 0 0 10°2(2.5)
Pigment (hemosiderin) 0 0 0 0 0 10°2(2.1)
Testes

Degeneration 0 0 0 0 0 10°°(3.9)
Female

n 10 10 10 10 10 10
Urinary bladder

Hyperplasia 0 0 0 0 10°*(3.0) 10°*(4.2)
Squamous metaplasia 0 0 0 0 0 10°°(3.5)
Transitional cell papilloma 0 0 0 0 0 0
Transitional cell carcinoma 0 0 0 0 0 3
Squamous cell carcinoma 0 0 0 0 0 1
Spleen

Congestion 0 0 0 0 5°(2.2) 10°°(3.3)
Pigment (hemosiderin) 0 0 0 0 10°*(3.0) 1290
Lymphoid depletion 0 0 0 0 0 10°°(3.0)
Capsule, hyperplasia 0 0 0 0 3(2.0) 10°2(2.5)

(continued)
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Incidences of Selected Lesions in Rats in the 13-Week Feed Study of o-Nitroanisole (continued)

Dose (ppm) 0 200 600 2,000 6,000 18,000
Female (continued)

Kidney

Pigment (hemosiderin) 0 0 0 10**(2.3) 10**(3.5)
Liver

Hepatocyte hypertrophy 0 0 0 0 10**(2.4)
Pigment (hemosiderin) 0 0 0 0 10**(23)
Uterus

Atrophy 0 0 2(3.0) 1(3.0) 10%*(4.0)

* Significantly different (P<0.05) from the control group by the Fisher exact test

** P<0.01
2 Number of animals necropsied
Number of animals with lesions

€ Average severity grade of lesions in affected animals: 1 = slight, 2 = minimal, 3 = mild, 4 = moderate, 5 = scvere.

Kidney: Multifocal degeneration, necrosis, or both, of
the renal tubule epithelium with infiltration of
mononuclear inflammatory cells and formation of
tubular casts occurred in male rats receiving 600,
2,000, and 6,000 ppm (Plates 2 and 3), but not in
those receiving 18,000 ppm or in exposed female rats
(Table 5). The reduced nutrient and chemical intake
associated with the lower feed consumption may
account for the absence of these lesions in the
18,000 ppm group. Granular, golden brown pigment,
believed to be hemosiderin, was observed in scattered
epithelial cells in the proximal convoluted tubules of
males receiving 18,000 ppm and females receiving
6,000 and 18,000 ppm.

Testis: All male rats that received 18,000 ppm
exhibited degeneration of the seminiferous epithelium
characterized by necrosis and loss of spermatogenic
cells, decreased numbers of spermatozoa, and
accumulations of necrotic debris and multinucleated
cells in the seminiferous tubules (Table 5).

Uterus: Uterine atrophy was observed in all female
rats receiving 18,000 ppm and in a few females

receiving 2,000 and 6,000 ppm (Table 5). The
affected uteri were smaller than those of the controls
and the endometrial and myometrial cells had less
abundant cytoplasm.

Dose selection rationale: The lower final mean body
weights and reduced feed consumption observed in
males and females that received diets containing
6,000 and 18,000 ppm o-nitroanisole suggest poor
feed palatability. In addition, the severity of
regenerative anemia associated with methemoglobin
formation was significantly increased in males and
females receiving 6,000 and 18,000 ppm. Conse-
quently, these concentrations were considered too
high for continuous dictary administration in a 2-year
study. At 2,000 ppm, final mean body weights and
feed consumption were similar to controls and the
anemia was minimal. Therefore, 2,000 ppm was
considered an acceptable high concentration for the
2-year study. The remaining concentrations selected
were 222 and 666 ppm, since 222 ppm was a no-effect
level and at 666 ppm only minimal signs of anemia
were present.



PLATE 1 PLATE 2
Spleen: The splenic capsule (C) is thickened by accumulated mononuclear Kidney: Note the renal tubule distended with cellular debris, the attenuated

cells and delicate fibrous tissue. Male rat given 18,0600 ppm o-nitroanisole epithelium, and the occasional necrotic epithelial cells with pyknotic nuclei
in the 13-week feed study. H&E x100 (arrows). Male rat given 6,000 ppm o-nitroanisole in the 13-week feed study.
H&E x100

PLATE 3

Kidney: Mild nephfdpathy. Note the interstitial mononuclear cell infiltrate,
tubules with thickened basement membrane (arrows), and slightly dilated
tubules lined by attenuated epithelium. Male rat given 6,000 ppm
o-nitroanisole in the 13-week feed study. H&E x80



Results

2-YEAR STUDY

Survival

Estimates of survival probabilities for male and
female rats are shown in Table 6 and in the
Kaplan-Meier curves in Figure 2.  Survival of
2,000 ppm male rats was significantly lower than that
of the controls. Survival of 666 ppm males was
slightly lower than that of thé controls, but the

TABLE 6
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difference was not significant by the life table
analysis. The reduced survival of 666 and 2,000 ppm
males was primarily attributed to the increased
numbers of animals with severe renal disease
(nephropathy) and associated secondary
hyperparathyroidism. Survival of males receiving
222 ppm and of all exposed females was similar to
the controls.

Survival of Rats in the 2-Year Feed Study of o-Nitroanisole

0 ppm 222 ppm 666 ppm 2,000 ppm
Male
Animals initially in study 60 60 60 60
15-Month interim evaluation® 10 10 10 9
Natural deaths 2 3 2 6
Moribund kills 16 13 24 36
Animals surviving to study termination 32 34 24 ob
Percent probability of survival at end of study® 64 69 48 18
Mean survival (days)? 655 644 647 603
Survival analysis® P<0.001 P=0.892N P=0.172 P<0.001
Female
Animals initially in study 60 60 60 60
15-Month intéfim evaluation® 10 10 10 9
Natural deaths 0 2 6 3
Moribund kills . 17 7 18 15
Animals surviving to study termination 33 41 26 33
Percent probability of survival at end of study 66 83 52 65
Mean survival (days) 655 664 631 \ 648
Survival analysis P=0.385 P=0.108N P=0.149 P=0.904

Censored from survival analyses
Includes one animal that died during the last week of the study
Kaplan-Meier determinations

o A T

Mean of ali deaths (uncensored, censored, and terininal sacrifice). .
The résult of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons

(Cox, 1972) with the controls are in the dosed columns. A lower mortality in a dose group is indicated by N.
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Results

Body Weights, Feed Conswmption,

and Clinical Findings

Mean body weights of male and female rats that
received 2,000 ppm were lower than those of controls
(Tables 7 and 8). The mean body weights of
2,000 ppm male rats were within 5% of the controls
until week 72 (Table 7 and Figure 3). Thereafter, the
difference in mean body weight between males
receiving 2,000 ppm and the controls gradually
increased; the final mean body weight of males
receiving 2,000 ppm was 16% lower than that of the
controls. The mean body weights of 2,000 ppm
female rats were within 5% of the controls until
week 48, but the difference gradually increased; the
final mean body weight of 2,000 ppm females was 9%
lower than that of the controls (Table 8 and
Figure 3). The mean body weights of male and
female rats that received 222 and 666 ppm were
within 5% of the controls throughout the 2-year
study. Feed consumption by exposed male and
female rats was similar to that by the controls
throughout the study (Tables K1 and K2). Dietary
levels of 222, 666, and 2,000 ppm resulted in average
daily consumption levels of 10, 30, and 80 mg/kg for
males and 10, 30, and 90 mg/kg for females. There
were no clinical findings associated with
o-nitroanisole administration.

Pathology and Statistical Analyses of Results
Summaries of the incidences of nonneoplastic lesions
and neoplasms, the individual animal tumor diag-
noses, the statistical analyses of primary neoplasms
that occurred with an incidence of at least 5% in at
least one group, and historical control incidences for
the biologically significant neoplasms mentioned in
this section are presented in Appendix A for male
rats and Appendix B for female rats.

Hematopoietic ~ system: The incidences of
mononuclear cell leukemia in males receiving 666 or
2,000 ppm and females receiving 2,000 ppm were
significantly increased (Tables 9, A3, and B3). How-
ever, the incidence of mononuclear cell leukemia in
2,000 ppm males was slightly lower than in 666 ppm
males, possibly due to the reduced survival in the
2,000 ppm group. The incidences of mononuclear
cell leukemia in males receiving 666 or 2,000 ppm
and females receiving 2,000 ppm also excced the
range for NTP historical controls (males: 32%-62%;
females: 14%-36%; Tables Ada and B4a). Although
incidences of mononuclear cell leukemia were
increased, the mean time to observation (neoplasm
latency) was not substantially reduced in the exposed
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groups (males: O ppm, 694 days; 222 ppm, 695 days;
666 ppm, 6388 days; and 2,000 ppm, 638 days; females:
685, 701, 650, and 686 days).

Mononuclear cell leukemia was characterized by the
proliferation of polymorphic mononuclear cells with
hyperchromatic nuclei in the splenic sinusoids. In
more advanced stages, this leukemia involved the
interfollicular red pulp completely. As the disease
progressed, infiltrates of mononuclear leukemia cells
occurred in the liver, lung, kidney, lymph nodes, and
other organs. In male rats with mononuclear cell
leukemia, organs other than the spleen and liver were
more frequently affected in the 666 and 2,000 ppm
groups than in the control group. In female rats, the
disease was generally limited to the spleen and liver.

Kidney: The relative kidney weight of males that
received 2,000 ppm was significantly greater than that
of the controls at the 15-month interim evaluation
(Table H3). There was a corresponding slight
increase in the absolute kidney weight of this group,
even though the mean body weight of the 2,000 ppm
group was substantially lower than that of the
controls. Chronic nephropathy occurred in all male
rats, and the severity of the disease increased in a
dose-related manner at the 15-month interim evalua-
tion and at the end of the 2-year study (Tables 10
and AS). In female rats, there was little evidence of
a chemical-related effect on the kidney. Absolute
and relative kidney weights of exposed female groups
were similar to those of controls at the 15-month
interim evaluation (Table H3).  Although the
incidences of nephropathy were marginally increased
in the exposed female groups, the increased
incidences were not significant and were not dose
related (Tables 10 and BS). However, the proportion
of female rats with moderate nephropathy was greater
in the 2,000 ppm group than in the controls.

Nephropathy in rats was characterized by a spectrum
of degenerative and inflammatory changes including
degeneration and atrophy of the tubule epithelium
with the formation of granular and hyaline casts in
the tubule lumens, regeneration of the tubule epithe-
lium, thickening of the glomerulus and tubule
basement membranes, interstitial fibrosis, and infil-
trates of mononuclear inflammatory cells. The
severity of nephropathy was graded based on the

" extent of involvement as follows: minimal, less than

25%; mild, 25% to 50%; moderate, 50% to 75%; and
marked, greater than 75%.
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TABLE 7
Mean Body Weights and Survival of Male Rats in the 2-Year Feed Study of o-Nitroanisole

Weeks 0 ppm 222 ppm 666 ppm 2,000 ppm
on Av. Wt. No.of Av. Wt. Wt, (% of No.of Av.Wt. Wt. (% of No.of Av. Wt. Wt. (% of No. of
Study (g Survivors (g) controls) Survivors (g) controls) Survivors (g controls) Survivors
1 127 60 126 99 60 123 97 60 125 99 60
2 183 60 182 100 60 180 9 60 187 102 60
3 213 60 216 102 60 210 99 60 211 99 60
4 236 60 240 101 60 236 100 60 241 102 60
5 245 60 258 106 60 255 104 60 259 106 60
6 271 60 273 100 60 270 9 60 273 101 60
7 282 60 287 102 60 282 100 60 283 100 60
8 289 60 295 102 60 289 100 60 293 101 60
9 302 60 302 100 60 301 160 60 301 100 60
10 316 60 313 99 59 310 98 60 312 99 60
11 324 60 322 99 59 319 98 60 318 98 60
12 331 60 326 99 59 324 98 60 324 98 60
16 364 60 360 9 59 357 98 60 353 97 59
21 380 60 375 99 59 373 98 60 3n 98 59
24 403 60 389 96 59 392 97 60 391 97 59
28 408 60 401 98 59 400 98 60 399 98 59
32 421 60 413 98 59 413 98 60 412 98 59
36 428 60 420 98 59 421 98 60 421 98 59
40 438 60 424 97 59 432 99 60 429 98 59
44 444 60 437 98 59 438 99 60 435 98 59
48 450 60 439 98 59 440 98 60 438 97 59
52 441 60 437 9 59 440 100 60 437 99 59
56 447 60 441 99 59 441 99 60 435 97 59
60 445 60 437 98 59 441 99 60 436 98 59
64 447 60 438 98 58 442 99 59 430 96 59
68? 446 50 435 97 48 - 4 9 49 427 96 50
72 443 48 436 98 48 443 100 49 420 95 47
76 441 48 433 98 47 438 9 49 415 94 43
80 440 48 434 99 45 439 100 46 411 94 42
84 435 47 427 98 45 430 9 46 389 89 40
88 430 44 426 99 4 430 100 44 395 92 34
92 428 42 419 98 41 415 97 41 378 88 26
96 418 38 411 98 38 412 99 33 368 88 18
100 417 33 407 98 35 402 96 28 351 84 10
Terminal sacrifice 32 34 24 9
Mean for weeks
1-13 260 262 101 258 9 261 100
14-52 418 410 98 411 98 409 98
53-101 436 429 98 431 99 405 93

% Interim evaluation occurred during week 66.

e
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TABLE 8
Mean Body Weights and Survival of Female Rats in the 2-Year Feed Study of o-Nitroanisole

Weeks 0 ppm 222 ppm 666 _ppm 2,000 ppm

on Av. Wt. No.of Av. Wt. Wt (% of No.of  Av. Wi Wt (% of No.of  Av. Wt. W, (% of No. of
Study (g) Survivors (g) controls) Survivors (g) controls) Survivors (g controls) Survivors
1 102 60 100 98 60 100 98 60 103 101 60
2 128 60 130 102 60 129 101 60 130 102 60
3 142 60 140 99 60 140 99 60 143 101 60
4 151 60 151 100 60 153 102 60 154 102 60
5 143 60 160 112 60 160 112 60 152 107 60
6 165 60 164 169 60 167 101 60 165 100 60
7 169 60 170 101 60 170 101 60 168 100 60
8 169 60 172 102 60 170 101 60 170 101 60
9 175 60 174 99 60 172 98 60 174 99 €0
10 179 60 177 99 60 176 98 60 177 99 60
11 182 60 178 98 60 177 97 60 179 98 60
12 184 60 179 98 60 179 98 60 179 98 60
16 196 60 190 97 60 191 97 60 190 97 60
21 201 60 196 98 60 197 98 60 194 97 690
24 203 60 200 99 60 201 99 60 200 99 60
28 211 60 207 98 60 207 98 60 204 96 60
32 217 60 213 98 60 214 99 60 209 96 60
36 221 60 217 98 60 218 99 60 216 98 60
40 232 60 226 97 60 228 98 60 221 95 60
44 238 60 233 98 60 234 98 59 227 26 60
48 246 60 240 98 59 242 98 59 234 95 60
52 255 60 245 96 59 249 98 59 240 94 60
56 261 60 253 97 59 259 99 59 248 95 59
60 268 60 262 98 59 266 99 58 256 95 58
64 275 59 266 97 58 273 99 58 262 96 58
68? 282 49 272 97 48 279 99 47 266 94 48
72 289 47 279 97 48 284 98 47 273 95 47
76 298 46 284 96 48 289 97 46 279 94 46
80 304 46 293 96 47 294 97 44 285 94 45
84 306 46 294 96 47 294 96 41 286 93 45
88 313 44 309 99 46 302 96 38 295 94 42
92 316 43 305 97 46 305 97 34 293 93 40
96 315 41 308 98 44 304 96 32 291 92 37
100 317 34 304 9 44 304 96 29 289 91 36
Terminal sacrifice 33 41 26 33
Mean for weeks
1-13 157 158 101 158 101 158 101
14-52 222 217 98 218 98 214 96
53-101 295 286 97 288 98 277 94

2 Interim evaluation occurred during week 66.
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TABLE 9
Incidences of Mononuclear Cell Leukemia in Rats in the 2-Year Feed Study of o-Nitroaniscle

Deose (ppm) 0 222 666 2,000
Male
15-Month Interimn Evaluation
Overall rate? 0/10 1/10 0/10 29
2-Year Studyb
Overall rate 26/50 (52%) 25/50 (50%) 42/50 (84%) 34/50 (68%)
Adjusted rate® 60.9% 60.2% 91.2% 89.0%
Terminal rated 16/32 (50%) - 18/34 (53%) 20/24 (83%) 6/9 (67%)
First incidence (days) 496 423 437 491
Life table test® P<0.001 P=0.445N P<0.001 P<0.001
Logistic regression test® P=0.033 P=0.515N P<0.001 P=0.114
Female

15-Month Interim Evaluation

Overall rate 0/10 0/10 1/10 0A

2-Year Studyf
Overall rate 14/50 (28%) 11/50 (22%) 14/50 (28%) 26/50 (52%)
Adjusted rate 32.7% 24.6% 37.3% 58.5%
Terminal rate 6/33 (18%) 8/41 (20%) 5/26 (19%) 15/33 (45%)
First incidence (days) 494 533 302 500
Life table test P=0.001 P=0.204N P=0.351 P=0.024
Logistic regression test P<0.001 P=0.339N P=0.523N P=0.013

Number of neoplasm-bearing animals/number of animals examined microscopically

2-Year historical incidence for control groups in NTP feed study (mean * standard deviation): 385/800 (48.1% + 7.7%);

range 32%-62%

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values
corresponding to pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these
lesions as nonfatal. For both tests, a lower incidence in a dose group is indicated by N.

Historical incidence: 213/800 (26.6% =+ 8.8%); range 14%-36%

(<]




44 o-Nitroanisole, NTP TR 416

TABLE 10
Incidence and Severity of Chronic Nephropathy in Rats in the 2-Year Feed Study of o-Nitroanisole®

Dose (ppm) 0 222 666 2,000

Male

15-Month Interim Evaluation

Nephropathy 10/10 10710 10/10 99
Minimal 9 8 4 0
Mild 1 L2 4 5
Moderate 0 0 2 4
Mean severity grade? 1101 12+01 1.8 + 0.2* 2.4 + 02°*

2-Year Study

Nephropathy 49/49 50/50 50/50 49/49
Minimal 7 6 3 2
Mild 25 19 20 10
Moderate 17 23 22 15
Marked 0 2 5 22 .
Mean severity grade 22+01 24+ 01 26 +£0.1* 32+ 0.1**
Female

15-Month Interim Evaluation

Nephropathy 3/10 9/10 5n1o 49
None 7 1 5 5
Minimal 2 6 3 1
Mild 1 3 .2 3
Mean severity grade 04 +02 1.2 +02 07 =03 08 + 0.3

2-Year Study

Nephropathy 39/50 46/50 46/50 44/50
None 1 4 4 6
Minimal (] 6 1 . 0
Mild 34 37 37 26
Moderate s 2 8 17
Marked 0 1 0 1
Mean severity grade 17 +01 18+ 0.1 2001 21 + 0.1**

* Significantly different (P<0.05) from the control group by Mann-Whitney U test
** P<0.01 )
2 Number of lesion-bearing animals/number of animals examined microscopically
Group mean severity + standard error. None = 0; minimal = 1; mild = 2; moderate = 3; marked = 4.
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Focal hyperplasia of the renal tubule was seen in
three males receiving 222 ppm and two males
receiving 2,000 ppm, but not in male rats receiving
666 ppm or in the controls (Table AS5). Renal tubule
adenomas were also seen in one male each from the
222, 666, and 2,000 ppm groups, and renal tubule
carcinomas occurred in two additional males that
received 2,000 ppm (Table A1). The incidence of
adenoma or carcinoma (combined) occurred with a
significant positive trend in male rats, and the
incidence in the 2,000 ppm group was significantly
greater than that in the controls (Table A3). The
incidence of renal tubule neoplasms in NTP historical
control male rats is 11 of 798 (1%) with a range of
0% to 6% (Table A4d). Thus, it is uncertain if the
small number of renal tubule neoplasms in the
exposed groups is related to o-nitroanisole exposure.

Focal hyperplasia, adenoma, and carcinoma of the
renal tubule epithelium constitute a morphological
continuum. Focal hyperplasia was considered a
preneoplastic lesion and was differentiated from the
epithelial regeneration which commonly accompanies
nephropathy. It was characterized by one or several
cross sections of a single tubule with two or more
layers of epithelial cells partially or completely filling
the tubule lumen. The adenomas were circumscribed
solid masses, generally larger than five tubule diame-
ters, consisting of polygonal epithelial cells with mild
atypia. The carcinomas were substantially larger than
the adenomas and exhibited heterogenous growth
patterns, cellular pleomorphism, and cytologic atypia.

Liver: The absolute liver weights of males receiving
2,000 ppm and females receiving 666 and 2,000 ppm
were significantly greater than those of the controls
at the 15-month evaluation (Table H3). The
chemical-related increase in absolute liver weights
was accompanied by significant increases in relative
liver weights of male and female rats that received
666 and 2,000 ppm. Despite the increased liver
weights, there were no lesions of the liver that
occurred more frequently in exposed rats than in
controls at the 15-month interim evaluation
(Tables 11, A5, and B5). However, the incidences of
basophilic foci in males and females receiving
2,000 ppm and of clear cell foci in males receiving
2,000 ppm were lower than those in controls.
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In the 2-year study, several nonneoplastic lesions
occurred more frequently in exposed rats than in
controls (Tables 11, AS, and BS). The incidence of
focal cystic degeneration, also called spongiosis
hepatis, was significantly increased in males that
received 2,000 ppm. The lesion was characterized by
small multilocular spaces distorting the hepatic cords
and containing finely granular or flocculent material
and occasional erythrocytes. The lesion is believed to
constitute a degenerative process involving the fat
storing cell (Ito cell). The incidence of eosinophilic
foci occurred with a significant positive trend in
exposed male rats and the incidences in all exposed
groups were significantly greater than that in the
controls. An eosinophilic focus is one of several
different forms of cellular alteration occurring in the
liver and is characterized by changes in staining
quality of the hepatocyte cytoplasm. Eosinophilic
foci were well circumscribed and slightly compressed
the surrounding parenchyma. There was some
irregularity of the hepatic cords, but they blended in
with normal hepatic cords at the periphery. The cells
were often slightly enlarged and the cytoplasm was
homogeneous and eosinophilic. The incidence of
focal hyperplasia of the bile ducts in the portal areas
of the liver lobules was significantly increased in
female rats receiving 2,000 ppm. The incidence of
nodular hyperplasia was significantly increased in
males that received 666 and 2,000 ppm and in
females that received 2,000 ppm. Nodular
hyperplasia generally occurred in the liver of rats
with mononuclear cell leukemia and consisted of
poorly circumscribed foci of hypertrophic hepato-
cytes. Nodular hyperplasia was considered to
represent a regenerative response to the degenerative
changes in the liver that commonly accompany
mononuclear cell leukemia.

The incidences of basophilic foci in the 666 and
2,000 ppm groups of males and the 2,000 ppm group
of females were significantly lower than those in
controls. Similarly the incidences of clear cell foci in
males receiving 666 and 2,000 ppm were significantly
lower than that in controls. Basophilic focus is the
most common spontaneously occurring form of cellu-
lar alteration in the liver of F344 rats, whereas clear
cell focus occurs much less frequently. It is uncertain
to what extent the decreased incidences of basophilic
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TABLE 11 : :
Incidences of Selected Liver Lesions in Rats in the 2-Year Feed Study of o-Nitroanisole

Dose (ppm) 0 222 666 2,000

Males

15-Month Interim Evaluation .
n? 10 10 10

9
Degeneration, cysticb 1 0 0 0
Eosinophilic focus 0 2 3 0
Hyperplasia, nodular 0 0 0 0
Basophilic focus 5 1 0 1
Clear cell focus 5 1 1 1
2-Year Study o ' ,
n o 50 . 50 50 50
Degeneration, cystic 10 10 14 24+
Eosinophilic focus 8 18* 21 27+
Hyperplasia, nodular 7 ’ 2 18** 14
Basophilic focus 32 29 T 13 Ak
Clear cell focus . 13 10 5* : 5*
Females
15-Month Interim Evaluation
n v 10 10 10 9
Degeneration, cystic 0 0 0 0
Eosinophilic focus 0 0 1 0
Bile duct hyperplasia 3 1 4 4
Hyperplasia, nodular 0 0 0 0
Basophilic focus 9 9 9 3
Clear cell focus 0 1 0 0
2-Year Study ,
n 50 50 50 50

Degeneration, cystic 0 0

Eosinophilic focus 8 8 14
Bile duct hyperplasia i 29 34 43¢
Hyperplasia, nodular ' ' 4 1 3 14%*
Basophilic focus : 39 38 29*
Clear cell focus 6 3

* Significantly different (P<0.05) froi the control group by logistic regression test
** P<0.01
2 Number of animals with liver examined microscopically -

Number of animals with lesion .
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and clear cell foci are directly related to the ingestion
of o-nitroanisole or to-the increased incidences of
mononuclear cell leukemia in the exposed groups.
The leukemic infiltrates produce substantial
degenerative changes in the liver which might obscure
or affect the occurrence of spontaneous foci of
cellular alteration.

Hepatocellular adenomas occurred in three males
receiving 222 ppm, one male receiving 666 ppm, and
two males and three females receiving 2,000 ppm
(Tables Al and B1). A hepatocellular carcinoma was
seen in one additional male that received 222 ppm.
Although no hepatocellular neoplasms were seen in
control males, the incidences in the exposed males
did not increase with dose and were not significantly
increased (Table A3). The incidence of hepato-
cellular adenoma in female rats occurred with a
significant positive trend, but the incidence in the
2,000 ppm group was not significantly greater than
that in the controls (Table B3). In NTP historical
controls, hepatocellular neoplasms have occurred in
24 of 799 (3%) male and 4 of 800 (0.5%) female rats
(Tables A4b and B4b). The few hepatocellular
neoplasms in exposed rats are not believed to be
chemical related. '

Urinary bladder: Focal hyperplasia of the transitional
epithelium of the urinary bladder occurred in one
female that received 222 ppm and two males and six
females that received 2,000 ppm (Tables AS and BS).
Moreover, a transitional cell papilloma was seen in
one female from the 2,000 ppm group and a transi-
tional cell carcinoma was seen in another female
from the same group (Table B1). Transitional cell
neoplasms of the urinary bladder are rare spon-
taneous neoplasms and have occurred in 2 of 790
historical control female F344/N rats.  These
neoplasms are described further in the results of the
stop-exposure study.

Stomach: The incidence of ulcers of the forestomach
mucosa was significantly increased in male rats
receiving 2,000 ppm (Tables 12 and AS). There were
corresponding increased incidences of edema and
chronic inflammation that were associated with the
ulcers. There was a slightly but not significantly
increased incidence of ulcers in females that received
2,000 ppm (Tables 12 and B5). The incidence of
focal hyperplasia of the forestomach epithelium
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increased with exposure level in male and female rats,
and the incidences in all exposed male groups and in
females from the 2,000 ppm group were significantly
increased. Squamous cell papillomas or carcinomas
occurred in several groups of exposed males and
females, but none were observed in controls
(Tables Al and B1). Squamous cell papillomas were
seen in one female receiving 222 ppm, one male
receiving 666 ppm, and one male and one female
receiving 2,000 ppm. Squamous cell carcinomas were
seen in one male receiving 666 ppm and one male
and one female receiving 2,000 ppm. Although these
neoplasms occurred at very low incidences, they are
rare spontaneous neoplasms in F344 rats. In NTP
historical controls, squamous cell papillomas have
occurred in 2 of 800 males and 1 of 800 females;
squamous cell carcinomas have occurred in 1 of 800
males and none have occurred in females (Tables Adc
and B4c).

Focal hyperplasia and papillomas of the forestomach
squamous epithelium constitute a morphological
continuum. Focal hyperplasia was characterized by
increased cellularity and thickening of the epithelium
with the formation of rugose folds and simple blunt
papillae. The papillomas were distinguished from
hyperplasia on the basis of complexity of structure.
The squamous cell papillomas were short stalks with
branching papillae consisting of well-differentiated
stratified epithelium overlying a delicate fibrovascular
stroma. The squamous cell carcinomas invaded the
forestomach mucosa with cords and clusters of
anaplastic cells. :

Lung:  Hyperplasia of the alveolar epithelium
occurred at a low incidence in all exposed female
groups, but did not occur in controls (Table BS). In’
addition, alveolar/bronchiolar adenomas were seen in
two females that received 666 ppm and three females
that received 2,000 ppm, and a squamous cell carci-
noma of the lung was seen in another female that
received 2,000 ppm (Table B1). Alveolar/bronchiolar
neoplasms have occurred in 17 of 800 (2%, range

. 0%-10%) historical control females. Because of the

small number of pulmonary neoplasms, they are not
believed to be chemical related. In male rats the
incidences of alveolar/bronchiolar neoplasms were
similar in control and exposed groups (Table Al).

Pituitary gland: At the 15-month interim evaluation,
adenomas of the pars distalis were seen in three
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TABLE 12
Selected Forestomach Lesions of Rats in the 2-Year Feed Study of o-Nitroanisole

Dose (ppm) 0 222 666 2,000
Male

15-Month Interim Evaluation

n? 10 o 1 9
Ulcer® 0 0 0
Edema 0 0 0
Chronic inflammation 0 S 0 0
Focal hyperplasia 0 1 1
2-Year Study

n 50 50 50 50
Ulcer 3 3 8 16**
Edema 3 3 5 11*
Chronic inflammation 2 2 1 12%+
Focal hyperplasia 3 16** 25 320+
Squamous cell papilloma 0 0 1 1
Squamous cell carcinoma 0 0 1 1
Female

15-Month Interim Evaluation . (

n 10 1 o® 9
Ulcer 0 0 0
Edema 0 0 ' 0
Chronic inflammation 0 0 0
Focal hyperplasia 0 1 1
2-Year Study

n 50 50 50 50
Ulcer 3 1 4 7
Edema 4 1 5 5
Chronic inflammation 4 2 2 6
Focal hyperplasia 8 8 13 28*+
Squamous cell papilloma 0 1 0 1
Squamous cell carcinoma 0 0 0 1

* Significantly different (P<0.05) from the control group by logistic regression
** P=<0.01
3 Number of animals with forestomach examined microscopically
Number of animals with lesions
¢ Forestomach not examined in this dose group
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control males and one male receiving 222 ppm; none
were observed in males receiving 2,000 ppm
(Table Al). At the end of the 2-year study, the
incidence of adenomas of the pars distalis occurred
with a significant negative trend in exposed male rats,
and the incidence in the 2,000 ppm group was signifi-
cantly decreased (14/50, 11/50, 9/49, 4/49; Table A3).
Carcinomas occurred in one control male and one
male that received 666 ppm (Table Al). The
incidence of focal hyperplasia of the pars distalis in
males did not decrease with dose and was highest in
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the 666 ppm group (3/50, 9/50, 11/49, 5/49;
Table AS).

Mammary gland: The incidence of fibroadenoma of
the mammary gland was marginally decreased in
females receiving 2,000 ppm (17/50, 18/50, 15/50,
9/50; Table B3). Although the trend test was signifi
cant, the incidence of fibroadenoma in the 2,000 ppm
group was not significantly lower than that in the
control. Thus, the marginal decrease was not
considered chemical related.




STOP-EXPOSURE STUDY

Survival

Estimates of survival probabllmes for male and
female rats are shown in Table 13 and in the Kaplan-
Meier curves in Figure 4. Four males and four
females in the 18,000 ppm groups scheduled for
evaluation at 9 months, all males and females in the
18,000 ppm groups scheduled for evaluation . at
15 months, and seven males in the 6,000 ppm group
scheduled for evaluation at 15 months died before
the evaluation periods. One male and two females in
the control groups scheduled for evaluation at
15 months also died early. All early death animals
-were included with the core study animals for evalua-
tion. In the stop-exposure core study, all males and
females receiving 18,000 ppm had died or were Killed
moribund by week 48 (males) or week 61 (females).
In the 6,000 ppm groups, all but one male and four
females died or were Killed moribund before the end
of the study. Nearly all exposed rats that died early
had urinary bladder neoplasms, which presumably was
the major contributing cause of death.

Body Weights, Feed Consumption, and
Clinical Findings }

The final mean body weights of exposed male and
female rats were significantly lower than those of the
controls (Tables 14 and 15, and Figure 5). Feed
consumption by exposed males and females was lower
than that by the controls for the first year of the
study (Tables K3 and K4). However, by the end of
the study feed consumption by male and female
exposed groups was similar to that by the controls.
Dietary levels of 6,000 and 18,000 ppm resulted in
average daily consumption levels of 340 and
1,100 mg/kg for males and females. The only clinical
finding related to chemical administration in male
and female rats was the presence of discolored urine.

Pathology and Statistical Analyses of Results
Summaries of the incidences of nonneoplastic lesions
and neoplasms, the individual animal tumor diag-
noses, and the statistical analyses of primary neo-
plasms that occurred with an incidence of at least 5%
in at least one group are presented in Appendix E for
male rats and Appendix F for female rats. Because
of the extensive mortality in the exposed groups,
logistic regression analyses had greatly reduced power
and are not included here.

o-Nitroanisole, NTP TR 416

Urinary bladder: The urinary bladder was the primary
organ in which'neoplasms developed in rats following
the ingestion of o-nitroanisole at dietary concen-
trations of 6,000 or 18,000 ppm for up to 6 months
followed by a normal diet. At the 3-, 6-, and 9-
month interim evaluations the absolute and relative
urinary bladder weights of male and female rats
receiving 18,000 ppm were significantly greater than
those of the controls (Tables H4, H5, and H6). -

At the 3-month interim evaluation, the principal
lesions observed in the urinary bladder were similar
to those observed at the same dietary concentrations
in "the 13-week study (Tables 16, E4, ‘and F4).
Diffuse hyperplasia of the transitional epithelium was
seen in nearly all male and female rats that received
18,000 ppm and in 8 of 10 female rats that received
6,000 ppm. The transitional epithelium was irregu-
larly thickened with many folds and blunt papillae
separated by extensions of the basement membrane.
Although the epithelium of controls was approxi-
mately 3 to 10 cell layers thick depending on the
degree of bladder contraction (Plates 4 and 5), the
epithelium of rats receiving 18,000 ppm was generally
more than 30 cell layers thick (Plates 6 and 7). The
size and staining properties of the epithelial cells in
each bladder varied from populations of small baso-
philic cells to populations of larger, more typical
transitional cells with eosinophilic cytoplasm. Focal

- or multifocal squamous metaplasia was also seen in

all males and females in the 18,000 ppm groups. The
squamous cells were well differentiated with promi-
nent keratin layers on the surface (Plate 8). In one
male receiving 18,000 ppm, the markedly thickened
transitional epithelium exhibited sufficient focal
cellular pleomorphism and atypia to be diagnosed as
a carcinoma (Table 16).. Subacute inflammation and

‘proliferation of connective tissue in the lamina

propria accompanied the epithelial changes described
above 'in most males and females that received
18,000 ppm (Plate 9). They were characterized by
scattered inflammatory cells, principally neutrophils
and - macrophages, and increased numbers of
fibroblasts with immature collagen.

By 6 months, transitional cell carcinomas were
present in all rats receiving 18,000 ppm (Tables 16,
El, and F1). The proliferation of the transitional
epithelium in these rats was extensive enough to form
exophytic nodular masses with heterogeneous growth
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TaBLE 13

Survival of Rats in the Stop-Exposure Feed Study of o-Nitroanisole
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O ppm 6,000 ppm 18,000 ppm
" Male

Animals initially in study 60 60 60
3-Month interim evaluation® 10 10 10
6-Month interim evaluation® 10 10 10
9-Month interim evaluation® 10 10 6
15-Month interim evaluation® 9 3 ]
Natural deaths 1 0 11
Moribund kills 7 26 23
Animals surviving to study termination 13 1 0
Percent probability of survival at end of study” 63 4 0
Mean survival (days)® 399 352 218
Survival analysisd P<0.001 P<0.001 P<0.001
Female

Animals initially in study 60 60 60
3-Month interim evaluation® 10 10 10
6-Month interim evaluation® 10 10 10
9-Month interim evaluation® 10 10 6
15-Month interim evaluation® 8 10 0
Natural deaths 2 4 9
Moribund kills 6 12 25
Animals surviving to study termination 14 4 0
Percent probability of survival at end of study 68 23 0
Mean survival (days) 388 354 235
Survival analysis P<0.001 P=0.012 P<0.001

Censored from survival analyses
Kaplan-Meier determinations

an own

Mean of all deaths (uncensored, censored, and terminal sacrifice).
The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons

(Cox, 1972) with the controls are in the dosed columns.
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TABLE 14 , _ _
Mean Body Weights and Survival of Male Rats in the Stop-Exposure Feed Study of o-Nitroanisole

Week 0 ppm__ 6,000 ppm 18,000 ppm

on Av. Wt.  No. of Av, Wt. Wt. (% of Ne. of Av. Wt. Wt. (% of Ne. of
Study ® Survivors ® controls) Survivers () controls) Survivors

1 116 20 111 9% 20 100 87 20

2 157 20 149 95 20 103 65 20

3 189 20 178 94 20 112 59 20

4 219 20 200 92 20 123 56 20

5 245 20 215 88 20 131 54 20

6 264 20 232 88 20 136 52 20

7 274 20 241 88 20 141 51 20

8 285 20 244 86 20 148 52 20

9 299 20 245 82 20 148 50 20

10 314 20 235 75 20 153 49 20

11 320 20 255 80 20 154 48 20

12 330 20 266 81 20 156 47 20

13 335 20 273 81 20 162 48 20

17 368 20 297 81 20 166 45 20

21 380 20 308 81 220 175 46 20

25 396 20 319 81 20 180 45 19

29 409 20 344 84 20 221 54 19

33 418 20 366 88 19 259 62 15

37 436 20 89 19 268 61 10

41 441 20 397 90 18 280 64 5

45 448 20 406 91 18 269 60 1
49 451 20 411 91 18
53 447 20 407 91 17
57 447 20 415 93 17
61 447 20 413 93 15
65 440 20 398 90 13
69 452 20 403 89 12
73 444 20 398 90 11
77 444 20 402 91 10
81 435 20 390 90 10
85 439 17 369 84 9
89 436 17 369 85 6
93 427 16 381 89 3
97 420 15 296 71 2
101 404 14 354 88 1

Terminal sacrifice 13 1 0

Mean for weeks
1-13 257 219 85 136 53
14-52 416 360 87 227 55

53-101 437 384 88
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TABLE 15
Mean Body Weights and Survival of Female Rats in the Stop-Exposure Feed Study of o-Nitroanisole

Week 0 ppm 6,000 ppm 18,000 ppm
on Av. Wt.  No. of Av. Wt. Wt. (% of No. of Av. Wt Wt. (% of No. of
Study @ Survivors ® controls) Survivors (8 controls) Survivors
1 97 20 94 97 20 87 90 20
2 119 20 113 94 20 85 71 20
3 137 20 125 92 20 89 65 20
4 143 20 134 94 20 96 67 20
5 153 20 142 93 20 98 64 20
6 162 20 150 93 20 99 61 20
7 166 20 153 93 20 100 61 20
8 170 20 155 91 20 105 62 19
9 173 20 157 97 20 106 61 19
10 178 20 154 87 20 109 61 19
11 181 20 162 89 20 109 60 19
12 183 20 165 90 20 111 61 19
13 182 20 167 91 20 113 62 19
17 198 19 180 91 20 119 60 19
21 203 19 176 87 20 122 60 19
25 208 19 180 87 20 124 60 19
29 212 19 193 91 20 148 70 19
33 217 19 196 90 20 162 75 17
37 230 19 205 89 20 in 74 14
41 235 19 207 88 20 172 73 12
45 245 19 215 88 19 181 74 7
49 253 19 219 87 19 185 73 3
53 259 19 224 86 18 187 72 2
57 270 19 231 85 18 192 7 2
61 278 18 233 84 16 167 60 1
65 288 18 235 82 15
69 294 18 246 84 12
73 299 18 249 83 11
77 305 18 252 83 11
81 307 18 253 83 10
85 317 17 254 80 10
89 320 17 258 81 9
93 321 17 271 84 6
97 321 15 268 83 4
101 324 14 269 83 4
Terminal sacrifice 14 4 0
Mean for weeks
1-13 157 144 92 101 64
14-52 222 197 89 154 69

53-101 300 249 83 182 61
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TABLE 16
Incidences of Selected Lesions of the Urinary Bladder of Rats in the Stop-Exposure Feed Study
of o-Nitroanisole

Male : Female

0 ppm 6,000 ppm 13,000 ppm 0 ppm 6,000 ppm 18,000 ppm
3-Month Interim Evaluation
n? 9 9 10 10 10 10
Proliferation, connective tissue® 0 0 10**(2.1)° 0 0 6**(2.2)
Squamous metaplasia 0 0 10%*(3.4) 0 0 10**(2.9)
Transitional cell hyperplasia 0 0 9*+(3.8) 0 82*(1.0) 10**(3.7)
Transitional cell carcinoma 0 0 ) 0 0 0
6-Month Interim Evaluation
n 10 10 10 10 10 10
Proliferation, connective tissue 0 1(1.0) 9**(3.4) 0 2(15) 10**(2.6)
Squamous metaplasia 0 0 10**(3.6) 0 1(20) 10**(3.7)
Transitional cell hyperplasia 0 10**(2.6) 0 0 10**(2.7) 0
Transitional cell papilloma 0 2 0 0 0 0
Transitional cell carcinoma 0 0 10** 0 0 10**
Sarcoma 0 0 2 0 0 0
9-Month Interim Evaluation
n 10 10 6 10 9 6
Proliferation, connective tissue 0 0 4**(3.3) 0 1(1.0) 4**(2.5)
Squamous metaplasia 0 0 4**(2.5) 0 0 4**(2.5)
Transitional cell hyperplasia 0 9*¢(2.4) 0 0 9**(2.2) 0
Transitional cell papilloma 0 2 0 0 0 0
Transitional cell carcinoma 0 3 6t 0 1 6**
Squamous cell carcinoma 0 0 1 0 0 0
Sarcoma 0 0 0 0 0 2
15-Month Interim Evaluation
n 9 3 - 8 10 -
Proliferation, connective tissue 0 139 - 0 6**(2.5) -
Squamous metaplasia 0 0 - 0 2 (2.0) -
Transitional cell hyperplasia 0 1(2.0) - 0 330 -
Transitional cell papilioma 0 2 - 0 1 -
Transitional cell carcinoma 0 1 - 0 9** -
Sarcoma 0 1 - 0 0 -

(continued)
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TABLE 16
Incidences of Selected Lesions of the Urinary Bladder of Rats im the Stop-Exposure Feed Study
of ¢-Nitroanisole (continued)

Male Female

0 ppm 6,000 ppm 18,000 ppm 0 ppm 6,000 ppm 18,000 ppm
2-Year Study
n 21 27 34 20 20 34
Proliferation, connective tissue 0 1(4.0) 24°°(3.0) 0 11°2(3.2) 20°*(3.2)
Squamous metaplasia 0 3@3.0) 30°2(3.3) 0 6°(3.2) 25°2(3.2)
Transitional cell hyperplasia 0 9%2(2.4) 2(3.0) 0 4 (3.0) 1 (2.0)
Transitional cell papilloma 0 3 1 0 1 1
Transitional cell carcinoma 0 23¢¢ 3300 0 18%° 32¢0
Squamous cell papilloma 0 0 4 0 0 4
Squamous cell carcinoma 0 0 5 0 0 1
Sarcoma® 0 1 7° 0 2 12¢¢
Overall Rates
n 59 59 60 58 59 60
Transitional cell papilloma 0 900 1 0 2 1
Transitional cell carcinoma 0 2722 50°¢ 0 28%° 48°°
Squamous cell papilloma 0 0 4 0 0 4
Squamous cell carcinoma 0 0 6° 0 0 1
Sarcoma 0 2 9ee 0 2 14°

¢ Significantly different (P<0.05) from the control group by Fisher exact test

°° P<0.01

¥ Number of animals with urinary bladder examined microscopically

Number of animals with lesion

Average severity grade of lesions in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.

All males and females receiving 18,0600 ppm died before the 15-month interim evaluation.

Includes a leiomyosarcoma in one 6,600 ppm and two 18,000 ppm females and a fibrosarcoma in one 18,000 ppm female.

o a6 o




patterns and pleomorphic cell populations (Plates 10,
11, and 12). Foci of squamous differentiation were
observed in all neoplasms. Diffuse hyperplasia of the
transitional epithelium was present in all males and
females that received 6,000 ppm, and papillomas were
observed in two males that received 6,000 ppm.

Malignant mesenchymal neoplasms (sarcomas) were
present in two males receiving 18,000 ppm. The
sarcomas appeared to originate in the lamina propria
and were characterized by the proliferation of ana-
plastic fusiform cells with elongated oval nuclei and
scant cytoplasm. In contrast to the connective tissue
proliferation seen in most males and females in the
18,000 ppm groups and some rats in the 6,000 ppm
groups, the sarcomas were more localized and exten-
sive and consisted of undifferentiated cells with little
collagen production. Subacute inflammation was also
observed in exposed rats.

At 9 months, only six males and six females in the
18,000 ppm groups were still alive; all had transi-
tional cell carcinomas, one male had a squamous cell
carcinoma (Plate 13), and two females had sarcomas
(Table 16 and Plate 14). Hyperplasia was seen in
nearly all males and females receiving 6,000 ppm.
Transitional cell carcinomas were seen in three males
and two females, and transitional cell papillomas
were present in two males from the 6,000 ppm
groups.

By 15 months, all males and females that received
18,000 ppm and 7 of 10 males that received
6,000 ppm had died. Transitional cell carcinomas
were seen in 9 of 10 females receiving 6,000 ppm and
a papilloma was seen in the other female from this
group (Table 16).

Of the core group rats in the stop-exposure study,
transitional cell carcinomas were seen in nearly all
exposed male and female rats (Table 16). Of the
males and females receiving 6,000 ppm that were
without carcinomas, three males and one female had
transitional cell papillomas. Moreover, squamous cell
carcinomas were seen in five males and one female
that received 18,000 ppm and squamous cell papil-
lomas were seen in four males and four females that
received 18,000 ppm. Sarcomas were seen in 7 males
and 12 females receiving 18,000 ppm and in 1 male
and 2 females receiving 6,000 ppm. Neoplasms
arising from the urinary bladder epithelium were not
observed in control rats. Inflammation and connec-
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tive tissue proliferation in the lamina propria, similar
to those seen at the interim evaluations, were also
observed in many exposed rats. Two females from
the 18,000 ppm group and three females from the
6,000 ppm group also exhibited focal proliferation of
well-differentiated lipocytes (adipocytes or fat cells)
in the lamina propria (Table F4). Since fat cells are
not normally found in the lamina propria, the
formation of these cells was considered a metaplastic
process.

Large intestine: In the stop-exposure study, the
intestines were examined at necropsy. Histologic
sections were prepared and examined microscopically
only when a lesion or mass was observed. Neoplasms
of the large intestine, principally adenomatous polyps,
were observed in small numbers of exposed rats at
the 6-, 9-, and 15-month interim evaluations
(Tables 17, E1, and F1). At the end of the
stop-exposure study, however, the incidences of
adenomatous polyps in exposed groups of males and
females were significantly increased. In addition, four
males and two females receiving 18,000 ppm had
carcinomas of the large intestine. The neoplasms
were polypoid masses in the colon, cecum, or
rectum, and multiple neoplasms were observed in
some animals. The adenomatous polyps consisted of
a moderately well-differentiated columnar epithelium
forming coiled tubular glands which were separated
by a delicate fibrovascular stroma (Plate 15). The
few carcinomas exhibited invasion of the stalk by
anaplastic epithelial cells (Plate 16) with an
accompanying proliferation of fibrous connective
tissue (scirrhous reaction).

Kidney: Any potential chemical-related effect on
absolute kidney weights was obscured by the more
overt changes associated with the body weight differ-
ences between control and exposed groups. Relative
kidney weights of most males and females receiving
6,000 and 18,000 ppm were significantly greater than
those of the controls at the 3-, 6-, 9-, and 15-month
interim evaluations (Tables H4, H5, H6, and H7). -
Absolute kidney weights of males and females that
received 18,000 ppm were significantly lower than
those of the controls at 3 and 6 months.

Hydronephrosis (dilatation of the renal pelvis) was
observed in two exposed male rats at the 9-month
interim evaluation and in many exposed male and
female rats at the end of the stop-exposure study
(Tables 18, E4, and F4). This was observed in rats
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TABLE 17
Incidences of Neoplasms of the Large Intestine in Rats in the Stop-Exposure Feed Study
of e-Nitroanisole

Male Female
0 ppm 6,000 ppm 18,000 ppm 0 ppm 6,000 ppm 18,680 ppm

3-Month Interim Evaluation
n? 10 10 10 10 10 10

Adenomatous polyp? 0 0 0 0 0 0

6-Month Interim Evaluation
n 10 10 10 10 10 10

Adenomatous polyp 0 0 2 0 1 0

9-Month Interim Evaluation

n 10. 10 6 10 10 6
Adenomatous polyp 0 2 4°° 0 0 1
Carcinoma 0 0 1 0 0 0

15-Month Interim Evaluation

n 9 3 0 8 10 0
Adenomatous polyp 0 3ee -¢ (] 2 -
2-Year Study

n 21 27 34 22 20 34
Adenomatous polyp 0 21°¢ 24°¢ 0 5¢ 17¢¢
Carcinoma 0 0 4 0 0 2
Overall Rates

n 60 60 60 60 60 60
Adenomatous polyp 0 26°¢ 30°° 0 8 18¢°¢
Carcinoma 0 0 5¢ 0 0 2
Adenomatous polyp or carcinoma 0 26%° 319 0 8s* 18¢¢

°® Significantly different (P£0.05) from the control group by Fisher exact test

°° P<0.01

2  Number of animals necropsied

® Number of animals with lesions

¢ All males and females receiving 18,000 ppm died before the 15-month interim evaluation.




60 " o-Nitroanisole, NTP TR 416

TABLE 18
Incidences of Selected Kidney Lesions in Rats in the Stop-Exposure Feed Study of o-Nitroanisole

Male Female
0 ppm 6,000 ppm 18,000 ppm 0 ppm 6,000 ppm 18,000 ppm

3-Month Interim Evaluation
a

n 10 10 10 10 10 10
Nephropathy® 4 (L0)° 10**(1.9) Xe%)) 0 "0 0
Pigmentation 0 9**(1.7) 10**(3.3) 0 10**(1.9) 10**(3.2)
6-Month Interim Evaluation )

n 10 10 10 10 10 10
Nephropathy 4(1.0) 10*+(2.3) 10°*(1.8) 0 0 0
Transitional cell hyperplasia 0 0 5*(2.0) 0 0 2(3.0)
Pigmentation 2 (15) 10**(2.6) 9**(3.0) 0 10**(2.0) 10**(3.3)
9-Month Interim Evaluation

n 10 10 6 10 10 : 6
Nephropathy 10 (1.5) 10 (24) 6 (1.8) 5(1.0) 37 3(1.0)
Transitional cell hyperplasia 0 7*%(1.9) 3*(23) 0 1(20) 1 (20)
Pigmentation 10(L1) - 10(L0) 6 (1.8) 6 (1.0) 10%(1.3) 6 (2.0)
Hydronephrosis 0 0 2 (4.0) 0 0 0
Transitional cell papilloma 0 0 1 0 0 0

Transitional cell carcinoma 0 0 2 0 0 0

15-Month Interim Evaluation

n 9 3 - 8 10 -
Nephropathy 9 (1.6) 3@3.0) - 5010 5Q.2) -
Transitional cell hyperplasia 0 33) - 0 0 -
Pigmentation 9 (1.09) 3(1.3) - 7(1.0) 10 (1.0) -
2-Year Study

n ‘ 21 27 34 22 20 34
Nephropathy 21 (3.0) 27 (2.9) 24 (1.7)- 19 (1.6) 12 (1.7) 317
Transitional cell hyperplasia 5(1.6) 24*+(2.0) 19*(2.2) 0 5*(1.6) 16**(2.3)
Pigmentation 20 (1.1) 26 (1.4) 34 (2.3) 20 (1.1) 20 (1.1) 34 (2.1)
Hydronephrosis 0 2(30) 11**(3.6) 0 3 (4.0) 15¢*(3.0)
Transitional cell papilloma 0 0 3 0 0 1
Transitional cell carcinoma 0 1 6* 0 0 1
Overall Rates

n 60 60 60 60 60 60
Nephropathy 48 60 47 29 20 6
Transitional cell hyperplasia 5 342 27** 0 6* 19**
Pigmentation 41 58%* 59+ 33 60** 60**
Hydronephrosis - 0 2 13* 0 3 184+
Transitional cell papilloma 0 0 4 0 0 1
Transitional cell carcinoma 0 1 8*+ 0 0 1

* Significantly different (P<0.05) from the control group by Fisher exact test

** P<0.01

2 Number of animals with kidney examined microscopically

Number of animals with lesions

Average severity grade of lesions in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.
All males and females receiving 18,000 ppm died before the 15-month interim evaluation.

a o o
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with transitional cell neoplasms of the urinary
bladder and was considered a secondary partial
obstruction of urine outflow. There was an increase
in the incidence or severity of pigmentation in
exposed rats at the various interim evaluations and at
the end of the stop-exposure study. The pigment,
located in scattered epithelial cells of the proximal
tubules, was believed to be primarily hemosiderin
derived from the breakdown of erythrocytes.

Nephropathy occurred in most of the males in the
exposed and control groups. However, the average
severity of nephropathy in exposed males was
greater than that in controls at 3 and 6 months
(Table 18). .

At the 9- and 15-month interim evaluations, the
effect was still evident in the 6,000 ppm group, even
though the dietary administration of o-nitroanisole
had ceased at week 27. The apparent lack of an
effect in males receiving 18,000 ppm at 9 months may
have been the result of reduced feed consumption,
lower body weight, or both. o-Nitroanisole had no
effect on the incidence or severity of nephropathy in
female rats at any of the interim evaluations. At the
end of the stop-exposure study, the incidences or
severity of nephropathy in males and females that
received 18,000 ppm were decreased and may have
been related to the decreased survival, lower body
weights, and reduced feed consumption of these
groups.

Hyperplasia of the transitional epithelium
(urothelium) lining the renal pelvis was observed in
some males and females that received 18,000 ppm at
6 months, some males and females that received
6,000 and 18,000 ppm at 9 months, and some males
that received 6,000 ppm at 15 months. At the end of
the stop-exposure study, the incidence of hyperplasia
was significantly increased in all exposed groups of
males and females. In addition, papillomas of the
transitional epithelium were seen in three males and
one female receiving 18,000 ppm, while carcinomas
were seen in one male receiving 6,000 ppm and six
males and one female receiving 18,000 ppm
(Plate 17); none were observed in the controls
(Tables 18, E1, and F1). Neoplasms arising from the
transitional epithelium of the renal pelvis are
extremely rare in NTP historical controls; none have
been seen in the current historical control database
(male, 0/798; female, 0/797).
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Liver: At the 3- and 6-month interim evaluations,
the absolute liver weights of males and females that
received 6,000 ppm and females that received
18,000 ppm were significantly greater than those of
the controls (Tables H4 and HS5). In addition, the
relative liver weights of males and females in all
exposed groups were significantly greater than those
of the controls. The absolute liver weight of males in
the 18,000 ppm group was similar to that of controls,
despite the substantially lower mean body weight. At
9 and 15 months, any potential chemical-related
effect on liver weights was partially obscured by the
effects on body weight. However, the relative liver
weights of males and females receiving 6,000 ppm
and females receiving 18,000 ppm were significantly
increased at 9 months, and that of females receiving
6,000 ppm was significantly increased at 15 months
(Tables H6 and H7).

The lesions observed in the livers of exposed rats are
consistent with the differences in absolute and
relative liver weights noted above (Tables 19, E4,
and F4). Generalized centrilobular hypertrophy was
observed at 3 and 6 months in all males and females
that received 18,000 ppm. Focal hepatocellular
necrosis, consisting of scattered individual or small
clusters of cells in the centrilobular regions, was also
seen in all males and females receiving 18,000 ppm at
3 months and at 6 months (Plate 18). Multifocal
hepatocellular cytoplasmic vacuolation was seen in
several males and females in the 18,000 ppm groups
at 3 months, and a dose-related increased incidence
of this lesion was seen in male rats at 6 months.
There were no chemical-related increased incidences
of hypertrophy, necrosis, or cytoplasmic vacuolation
at 9 or 15 months.

Accumulation of golden or greenish brown pigment
in scattered Kupffer cells was seen in all males and
females receiving 18,000 ppm at 3 and 6 months, and
in all but one male and all females receiving
18,0600 ppm at 9 months (Table 19).  Similar
pigment-filled Kupffer cells were not seen in the
controls. In the core groups of the stop-exposure
study, pigment-filled Kupffer cells were also seen in
most males and all females that received 18,000 ppm.
In addition, a number of control females had similar
pigment while none was observed in the control
males.  The pigment had staining properties
consistent with hemosiderin.
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TABLE 19
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Incidences of Selected Liver Lesions in Rats in the Stop-Exposure Feed Study of o-Nitroanisole

. Male Female
0 ppm 6,000 ppm 18,000 ppm 0 ppm 6,000 ppm 18,000 ppm

. 3-Month Interim Evaluation

n? 10 10 10 10 10 10

Hypertrophy® 0 0 10°2(2.2)¢ 0 0 10**(2.0)

Cytoplasmic vacuolation 0 0 3(13) 10) 0 30

Necrosis 2(20) 0 10 (1.0) 1(2.0) 3(1.0) 10%%(1.3)

Pigmentation 0 0 10°*(1.9) 0 1(10) 10**(2.2)

6-Month Interim Evaluation

n 10 10 10 10 10 10

Hypertrophy 0 0 10%*(2.6) 0 0 10%%(2.4)

Cytoplasmic vacuolation 0 3.0 6**(1.3) 0 0 1(2.0)

Necrosis 0 1(1.0) 10°*(1.8) 0 0 10**(1.9)

Pigmentation 0 3(1.0) 10%+(2.0) 0 9**(1.0) 10*%(2.0)

9-Month Interim Evaluation

n 10 10 6 10 10 6

Pigmentation 0 0 55%(1.4) 1(1.0) 7**(1.0) 6**(2.0)

15-Month Interim Evaluation

n 9 3 4 8 10 -

Pigmentation 0 1(1.0) - 0 2(1.0) -

2-Year Study

n 21 27 34 22 20 34

Pigmentation 0 1(1.0) 30**(1.7) 9 (1.6) 210 34*+(1.8)

** Significantly different (P<0.01) from the control group by Fisher exact test
2 Number of animals with liver examined microscopically

Number of animals with lesions

¢ Average severity grade of lesions in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.
All males and female receiving 18,000 ppm died before the 15-month interim evaluation.



Results

Spleen: Relative spleen weights of exposed male and
female rats were significantly greater than those of
controls at 3 and 6 months (Tables H4 and HS). At
3 months, the absolute spleen weights of all exposed
males and females were significantly increased; there
were significant increases in the absolute spleen
weights of all exposed female groups and of males
receiving 18,000 ppm at 6 months. At the 9-month
interim evaluation, the absolute spleen weights of
male and female rats receiving 18,000 ppm and the
relative spleen weights of all exposed male groups
and of females receiving 18,000 ppm remained signifi-
cantly increased (Table H6). The chemical-related
increases in relative spleen weights were associated
with the splenic congestion observed histologically.
The red pulp of nearly all exposed rats at the 3-, 6-,
and 9-month interim evaluations contained increased
numbers of erythrocytes (Tables 20, E4, and F4).
The congestion was generally more severe in the
18,600 ppm groups than in the 6,000 ppm groups. In
the core groups of the stop-exposure study, the
incidence of congestion in males that received
18,000 ppm was significantly increased, reflecting the
large number of males in the 18,000 ppm group
which died early.

Testis: At 3 and 6 months the absolute and relative
testis weights of males receiving 18,000 ppm were
significantly lower than those of the controls, while
the relative testis weight of males receiving
6,000 ppm was significantly greater than that of
controls (Tables H4 and H5). At 9 months the
findings were similar, except that the relative testis
weight of the 18,000 ppm group was significantly
greater than that of controls (Table H6). These
differences may be due to the chemical-related lower
mean body weights of the exposed males which would
largely obscure any direct effect of o-nitroanisole on
testis weight.

Degeneration and atrophy of the seminiferous
epithelium of the testes were observed at the 3- and

6-month interim evaluations in most males that
received 18,000 ppm, while at 9 months only three of
the six males that received 18,000 ppm exhibited
atrophy (Table E4). The lesions were generally mild
to moderate at 3 and 6 months and minimal at
9 months. The lesions were characterized by the
degeneration and loss of spermatogenic cells,
decreased numbers of mature spermatozoa, and the
presence of cellular debris and multinucleated cells in
the tubule lumens (Plates 19 and 20). At the end of
the stop-exposure study, atrophy associated with
aging or with interstitial cell neoplasms was seen in
most control males, and the incidences of atrophy in
the exposed groups were lower than in the controls.
This decreased incidence was largely due to the early
deaths of exposed rats, which precluded the develop-
ment of interstitial cell neoplasms and aging changes.

Uterus: The absolute uterine weights of exposed
females were significantly lower than those of the
controls at 3 and 6 months, while at 9 months only
that of the 18,000 ppm group was significantly lower
(Tables H4, HS5 and H6). Although relative uterine
weights were not affected at 3 and 9 months, those of
the exposed groups at 6 months were significantly
lower than that of the controls. Again, it is difficult
to determine if the differences in uterine weight were
caused, in part, by o-nitroanisole because of the
marked chemical-related reduction in mean body
weights in the exposed groups.

Uterine atrophy was observed microscopically in all
exposed females at 3 and 6 months, and in 3 of
6 females receiving 18,000 ppm at 9 months
(Table F4). In general, the uteri of females in the
6,000 ppm group were less severely affected than
those in the 18,000 ppm group. Histologically, the
atrophy was characterized by reduced thickness of the
endometrium and myometrium, and reduced amounts
of cytoplasm in the affected cells, as compared with
controls.
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TABLE 20
Incidences of Selected Splenic Lesions in Rats in the Stop-Exposure Feed Study of o-Nitroanisole

Male Female
0 ppm 6,000 ppm 18,000 ppm 0 ppm 6,000 ppm 18,000 ppm

3-Month Interim Evaluation

n? 10 10 10 10 10 10
Congestion® 0 9+#(2.8)° 10**(4.0) (] 10%*(2.5) 10**(3.9)
Pigmentation 10 (1.4) 10 (29) 10 (3.0) 10 (L.9) 10 (29) 10 (2.6)
Capsule, hypertrophy 0 10**(1.0) 10**(2.5) 0 10**(1.5) 10**(2.2)
Capsule, inflammation 0 120 10**(2.8) 0 6**(1.8) 9**(2.6)
Lymphoid depletion 0 0 10**(2.9) 0 0 10**(2.8)
6-Month Interim Evaluation

n 10 10 10 10 10 10
Congestion 0 10**(2.5) 10**(3.9) 0 10**(2.2) 10**(2.8)
Pigmentation 0 10**(2.6) 8**(1.9) 5(2.8) 10*(2.7) 9 (2.0)
Capsule, hypertrophy 0 7**(2.0) 10**(3.2) 0 . 10**(2.0) 10**(2.8)
Capsule, inflammation 0 0 10**(2.6) 0 2(20) 10%*(2.6)
Lymphoid depletion 0 0 10**(3.2) 0 0 10**(2.7)
9-Month Interim Evaluation

n 10 10 6 10 10 6
Congestion 0 10**(2.2) 5**(2.8) 3(20) 10**(2.0) 5(24)
Pigmentation 10 (255) 10 (23) 1** (1.0) 5(2.6) 10*(2.4) 4(20)
Capsule, hypertrophy 0 8**(1.4) 6**(2.2) 0 8**(1.5) 6**(2.2)
Capsule, inflammation 0 2(15) 6**(1.7) 0 0 6**(2.0)
15-Month Interim Evaluation

n 9 3 4 8 10 -
Congestion 7(20) 1(290). - 4 (2.0) 3(20) -
Pigmentation 6(22) 2 (2.5) - 54 724 -
Capsule, hypertrophy 0 2*(1.0) - 0 9**(1.6) -
Capsule, inflammation 0 1(1.0) - 0 1(2.0) -
2-Year Study

n 21 27 34 22 20 34
Congestion ' 5(22) 15%(2.1) 23**(2.0) 12 (2.2) 7(2.0) 24 (21)
Pigmentation 6(22) 14 (2.1) 19*(2.3) 16 (2.6) 12 (2.3) 15 (2.1)
Capsule, hypertrophy 0 15**(1.5) 34**(2.6) 0 9**(1.4) 33*+(2.3)
Capsule, inflammation 0 5*(1.2) 33*+(2.2) 0 0 30**(2.1)
Lymphoid depletion 1(1.0) 0 20%%(2.4) 4(18) 5(22) 16*(2.3)

* Significantly different (P<0.05) from the control group by Fisher exact test

** P<0.01

3 Number of animals with spleen examined microscopically

Number of animals with lesion

Average severity grade of lesions in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.
All males and females receiving 18,000 ppm died before the 15-month interim evaluation.
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PLATE 4
Urinary Bladder: For comparison with Plate 6. A control female rat in the
stop-exposure feed study of o-nitroanisole. H&E x20

PLATE §
Urinary Bladder: Higher magnification. Note the thickness of the
transitional epithelium lining the bladder lumen and compare with Plate 7.
Female control rat from the stop-exposure feed study of o-nitroanisole.
H&E x50

PLATE 6

Urinary Bladder: Note the diffuse hyperplasia of the transitional epithelium
and compare with Plate 4. Female rat given 18,0600 ppm o-nitroanisole at
the 3-month interim evaluation of the stop-exposure feed study. H&E x10

PLATE 7

Urinary Bladder: Higher magnification. The increased cellularity of the
transitional epithelium (hyperplasia) causes the epithelium to form thick
irregular folds. Compare with control in Plate 5. Female rat given
18,600 ppm o-nitroanisole at the 3-month interim of the stop-exposure feed
study. H&E x50



PLATE 8

Urinary Bladder: The focus of squamous metaplasia consists of well- Urinary Bladder: Note the proliferation of delicate fibrous connective tissue
differentiated, keratinizing, stratified squamous epithelium. Compare with beneath the hyperplastic transitional epithelium. Male rat given 18,000 ppm
normal and hyperplastic transitional epithelium in Plates 5 and 7. Female rat o-nitroanisole at the 3-month interim evaluation of the stop-exposure feed
given 18,000 ppm o-nitroanisole at the 3-month interim evaluation of the stop- study. H&E x50

exposure feed study. H&E %80
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PLATE 10 PLATE 11

Urinary Bladder: This carcinoma of the transitional epithelium is primarily Urinary Bladder: Higher magnification of Plate 10. This is the base of the
exophytic but there is early invasion of the submucosa (arrow; see Plate 11). carcinoma and shows anaplastic epithelial cells with clusters of cells extending
Female rat given 18,000 ppm o-nitroanisole at the 6-month interim evaluation into the submucosa (arrow). Female rat given 18,000 ppm o-nitroanisole at

of the stop-exposure feed study. H&E x10 the 6-month interim evaluation of the stop-exposure feed study. H&E x50
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PLATE 12

Urinary Bladder: Higher magnification of Plate 10. The main body of the
carcinoma consists of cords and clusters of transitional epithelial cells
separated by a delicate fibrovascular stroma. There is mild pleomorphism
of the neoplastic cells. Female rat given 18,000 ppm o-nitroanisole at the
6-month interim evaluation of the stop-exposure feed study. H&E x80
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PLATE 13

Urinary Bladder: Squamous cell carcinoma with irregular cords and clusters
of anaplastic squamous cells invading the bladder wall. Male rat given
18,000 ppm o-nitroanisole at the 9-month interim evaluation of the
stop-exposure feed study. H&E x80

PLATE 14

Urinary Bladder:

Sarcoma consisting of pleomorphic spindle cells with

variable amounts of fibrillar cytoplasm and intercellular collagen. Male rat
given 18,000 ppm o-nitroanisole at the 9-month interim evaluation of the
stop-exposure feed study. H&E x80
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PLATE 16
Large Intestine: Carcinoma with gland-like tubules consisting of anaplastic
Male rat given 18,000 ppm o-nitroanisole at the

9-month interim evaluation of the stop-exposure feed study. H&E x50

PLATE 1§
Colon: Adenomatous polyp in a female rat given 18,000 ppm o-nitroanisole
at the 9-month interim evaluation of the stop-exposure feed study. H&E x10 epithelium (arrows).

PLATE 18

Liver: Scattered necrotic hepatocytes with shrunken pyknotic nuclei and
darkly stained cytoplasm (arrows). Male rat given 18,000 ppm o-nitroanisole
at the 6-month interim evaluation of the stop-exposure feed study.
H&E x100

PLATE 17

Kidney: Carcinoma (C) of the pelvic urothelium (transitional epithelium)
consisting of interconnecting cords of epithelial cells invading the Kidney.
Male rat given 18,000 ppm o-nitroanisole at the 9-month interim evaluation
of the stop-exposure feed study. H&E x40



PLATE 19
Testis: For comparison with Plate 20. Control male rat in the stop-exposure
feed study of o-nitroanisole. H&E x50

PLATE 20

Testis: Degeneration and atrophy of the seminiferous epithelium. Note the
tubules containing only a few scattered sertoli cells and the degenerate
multinucleate spermatids (arrows) in other tubules. Male rat given
18,000 ppm o-nitroanisole at the 3-month interim evaluation of the stop-
exposure feed study. H&E x50



Results

Mice
14-DAY STUDY

All mice survived until the end of the study
(Table 21). Mean body weight gains and final mean
body weights of all groups of exposed male mice were
significantly lower than those of the controls. The
mean body weight gain and final mean body weight of
females receiving 4,000 ppm were significantly lower
than those of the controls; mean body weight gains
and final mean body weights of females receiving
2,000 ppm or less were similar to those of the
controls. Feed consumption by males and females in
the 4,000 ppm groups and females in the 2,000 ppm
group was lower than that by the controls. Dietary
levels of 250, 500, 1,000, 2,000, and 4,000 ppm
resulted in average daily consumption levels of 25, 51,
96, 198, and 194 mg/kg for males and 36, 48, 142,
142, and 215 mg/kg for females.
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At necropsy there were significant decreases in
absolute brain, kidney, and liver weights of males and
in absolute kidney and thymus weights of females in
the 2,000 and 4,000 ppm groups (Table H8). There
were significant decreases in relative kidney weights
of males and the relative thymus weights of females
receiving 2,000 and 4,000 ppm. In addition, there
were significant increases in the relative liver weight
of females and the relative heart weights of males and
females receiving 4,000 ppm. These differences were
primarily attributed to chemicalrelated reductions in
final mean body weights; any potential direct effect of
o-nitroanisole on these organs was masked by the
more general effects associated with the lower final
mean body weights. The apparent inconsistencies in
absolute and relative organ weights were likely due to
the disproportionate effect on adipose deposits and
skeletal muscle versus the effects on glandular organs.

TaBLE 21
Survival, Mean Bedy Weights, and Feed Consumption of Mice in the 14-Day Feed Study
of e-Nitrcanisole
Final Weight
Mean Body Weight” (g) Relative Feed
Dose Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week 1 Week 2
Male
0 5/5 224 + 05 274 = 09 50+ 06 25 29
250 5/5 222 + 0.6 248 + 0.6° 2.6 = 0.2°* 91 22 2.7
500 5/5 23003 258 + 0.4* 2.8 £ 0.2#¢ 94 24 2.7
1,600 5/5 228 £ 0.2 256 + 0.2° 2.8 + 0.2°¢ 93 21 26
2,600 5/5 224 + 04 23.6 + 0.5°¢ 1.2 + 04¢°° 86 24 23
4,000 5/5 234 + 0.7 19.0 = 0.6°° 44 + 0.2°° 69 1.7 05
Female
0 5/5 18.6 = 0.2 192 + 02 0.6 = 0.2 1.9 21
250 5/5 176 = 0.2 204 + 0.5 28 £ 0.7 106 25 3.0
500 5/5 178 £ 0.4 19.0 + 0.3 1.2 £ 04 9 21 15
1,000 5/5 17.6 £ 0.2 200 £ 03 24 £ 02 104 27 2.7
2,000 5/5 172 + 04 18.0 + 0.8 08 + 0.7 94 20 0.6
4,000 5/5 18.0 + 0.6 15.6 £ 0.9%¢ -24 £ 0.4%° 81 1.2 0.7

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

2 Number of animals surviving at 14 days/number initially in group
Weights given as mean + standard error.
© Feed consumption is expressed as grams/animal per day.




13-WEEK STUDY

Two males in the 200 ppm group and one male:in
the 600 ppm group died from wounds caused by
fighting (Table 22). All other mice survived until the
end of the study. The mean body weight gains and
final mean body weights of male mice receiving
6,000 ppm and all exposed groups of female mice
were significantly lower than those of the controls.
Feed consumption by male and female mice that
received 6,000 ppm was lower than that by controls,

TABLE 22
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which may have been related to decreased palatability
of -the' diet containing. o-nitroanisole (Table 23).
Dietary levels of 60, 200, 600, 2,000, and 6,000 ppm
resulted in average daily consumption levels of 6, 20,
66, 180, and 540 mg/kg for males and 8, 22, 66, 200,
and 540 mg/kg for females. Although male and
female mice in the 6,000 ppm groups developed
yellow stained fur in the perineum, there were no
other clinical findings associated with chemical

. administration. .

Survival and Mean Body Weights of Mice in the 13-Week Feed Study of o-Nitroanisole

. Mean Body Weight” (g) - Final Weight
Dose Survival® Initial Final Change Relative to Controls
(ppm) (%)
Male
0o . 10710 20.3 + 0.2 318 + 05 115+ 06
60 10/10 20.1 + 03 304 = 05 103 + 0.4 96
200 8/10° 205 = 0.2 299 13 95 %12 94
600 . 9nod 200 +°0.2 292+13 93+ 13 92
2,000 10/10 202 £ 0.2 296 + 13 94 +12 93
6000 - 10710 204 + 03 255 + 0.5** 51+ 0.5 80
Female
0 10/10 16.9 + 03 250 + 06 81+ 04
< 60 -10/10 165 + 02 . 225 x 0.2%* .61 %020 9.
200 10710 164 + 03 235 + 0.5** 71+ 040 94
600 10/10 164 + 0.2 23.1 + 0:4** 6.6 + 0.4** 92
2,000 1010 166 + 0.2 234 = 0.2** 6.8 + 0.2** 94
6,000 10710 163 £ 03 20.1 + 0.6** 3.7 + 0.5** 80

** Significantly different (P<0.01) from the control group by Williams’ or Dunnett’s test

2 Number of animals surviving at 13 weeks/number initially in group
Weights given as mean + standard error. Subsequent calculations are based on animals surviving to the end of the study.

¢ Week of death: 4,13
4 Week of death: 2
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TABLE 23 . - o
Feed Comsumption by Mice in the 13-Week Feed Study of o-Nitroanisole®

Week of

Study 0 ppm 60 ppm 200 ppm 600 ppm 2,000 ppm 6,080 ppm
Male
1 20 22 25 1.9 22 12
2 23 24 32 25 25 11
3 30 25 36 35 3.0 1.6
4 2.7 35 25 33 23 22
5 25 27 34 3.0 30 22
6 27 26 3.0 29 26 21
7 30 2.7 31 38 33 25
8 32 32 24 34 29 26
9 32 3.0 31 32 31 26
10 30 37 2.7 3.6 36 25
11 36 3.2 38 34 34 2.6
12 33 3.6 26 34 31 23
13 3.6 33 38 34 32 25
Female
1 14 22 21 21 18 08
2 21 24 24 18 20 13
3 27 26 31 31 21 1.0
4 23 . 27 2.2 25 24 1.7
5 20 24 24 26 22 1.9
6 29 23 28 24 22 14
7 25 33 20 2.6 2.5 24
8 28 2.5 24 29 1.9 20
9 33 32 28 25 25 20
10 32 31 28 2.6 27 15
11 33 36 29 31 23 21
12 32 35 28 2.7 2.5 22
13 36. 3.0 28 29 2.5 2.0

2 Feed consumption is expressed as grams/animal per day.
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Small but significant decreases in hemoglobin
concentrations and hematocrit values were seen
primarily in male and female mice receiving 2,000
and 6,000 ppm; a significant decrease in erythrocyte
count was observed only in females that received
6,000 ppm (Table 16). Lower values were observed
for hematocrit and hemoglobin in males from the
600 ppm group as well. The methemoglobin
concentration was significantly increased only in
males receiving 6,000 ppm.

The relative liver weights of females receiving
600 ppm and males and females receiving 2,000 and
6,000 ppm were significantly greater than those of the
controls (Table H9). In addition, the absolute liver
weights of females that rececived 600 ppm or more
were also significantly increased, although those of
males were not. These increases were attributed to
the ingestion of o-nitroanisole. Differences in the
absolute or relative weights of brain, heart, kidney,
lung, spleen, testis, or thymus occurred in various
exposed groups of males and females and were attrib-
uted primarily to the lower final mean body weights
of the 6,000 ppm groups and were not considered
biologically significant.

Liver: Hepatocyte hypertrophy associated with the
ingestion of o-nitroanisole was seen only in male
mice. The lesion was observed in mice receiving
200 ppm or more and increased in severity with

o-Nitroanisole, NTP TR 416

increasing exposure levels (0 ppm, 0/10; 60 ppm, 0/10;
200 ppm, 3/9 (2.0); 600 ppm, 9/10 (2.8); 2,000 ppm,
10/10 (3.7); 6,000 ppm, 10/10 (3.8)). The lesion
occurred primarily in the centrilobular and midzonal
regions of the liver lobules. There weére occasional
scattered cells exhibiting cytoplasmic vacuolation or
necrosis, particularly at higher exposure levels.

Dose selection rationale: Lower final mean body
weights, slightly reduced feed consumption, increased
liver weights, and slight differences in several
hematologic parameters attributable to o-nitroanisole
were observed in male and female mice that received
6,000 ppm. In addition, a microscopic liver lesion
was observed in all male mice receiving 2,000 and
6,000 ppm and was attributed to o-nitroanisole
administration. However, these toxic responses were
rather mild and at lower exposure levels the effects
became marginal to nonexistent. It was considered
unlikely that the toxicity which occurred at 6,600 ppm
would become life threatening, and by the end of the
13-week study, feed consumption by males receiving
6,000 ppm was increasing and approaching that by
the controls. This suggested that the animals might
eventually recover from their initial reaction to the
6,000 ppm concentration. Therefore, 6,000 ppm was
selected as the high exposure level for the 2-year
study in mice. To provide a broad range for dose
response, 666 and 2,000 ppm were selected for the
remaining exposure levels.




Results

2-YEAR STUDY
Survival

Estimates of survival probabilities for male and
female mice are shown in Table 24 and in the
Kaplan-Meier curves in Figure 6. Survival of groups
of male mice receiving 666, 2,000, and 6,000 ppm was
similar to that of the controls. Aithough survival of
females receiving 666 ppm was significantly lower
than that of the controls, that of the 6,000 ppm
group was slightly greater than that of controls.
Thus, the ingestion of o-nitroanisole at dietary
concentrations up to 6,000 ppm had no effect on the
survival of male or female mice in the 2-year study.

Body Weights, Feed Consumption,

and Clinical Findings

The ingestion of o-nitroanisole was associated with a
dose-related reduction in mean body weight. The
mean body weights of male and female mice receiving
2,000 and 6,000 ppm were lower than those of the
controls throughout the study (Tables 25 and 26, and
Figure 7). The mean body weights of the 6,600 ppm
groups were within 20% of controls until week 17 for
males and week 12 for females. Thereafter, the
difference in mean body weight between the
6,000 ppm groups and the controls continued to
increase. At the end of the study the final mean
body weight of males receiving 6,000 ppm was 33%
lower than that of the controls and the final mean
body weight of females receiving 6,000 ppm was
43% lower than that of the controls. In the
2,000 ppm groups, the final mean body weight of
males was 11% lower than that of controls and the
final mean body weight of females was 18% lower
than that of controls. The final mean body weights
of male and female mice receiving 666 ppm were
within 10% of the controls. Feed consumption by
high-dose male and female mice was lower than that
by the controls throughout the study (Tables K5 and
K6). Dietary levels of 666, 2,000 and 6,000 ppm
resulted in average daily consumption levels of 80,
240, and 830 mg/kg for males and 100, 320, and
1,200 mg/kg for females. Discolored urine in male
and female mice was the only clinical finding
attributable to o-nitroanisole administration.

Pathology and Statistical Analyses of Results
Summaries of the incidences of nonneoplastic lesions
and neoplasms, the individual animal tumor
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diagnoses, the statistical analyses of primary neo-
plasms that occurred with an incidence of at least 5%
in at least one group, and historical control inci-
dences for the biologically significant neoplasms
mentioned in this section are presented in
Appendix C for male mice and Appendix D for
female mice.

Liver: The absolute liver weight of males that
received 2,000 ppm and the relative liver weights of
all groups of exposed male mice were significantly
greater than those of the controls at the 15-month
interim evaluation (Table H10). The absence of a
significant increase in absolute liver weight in males
receiving 6,000 ppm may have been related to the
significantly lower mean body weight of this group.
Relative liver weights of females in the 2,000 and
6,000 ppm groups were also significantly greater than
those of the controls, although the absolute liver
weight of females that received 6,000 ppm was
significantly lower than that of the controls.
This inconsistency is also primarily due to the
lower mean body weight of females receiving
6,000 ppm.

The increased liver weights at the 15-month interim
evaluation were associated with generalized centri-
lobular cytologic alteration, which was also seen in
exposed rats in the 2-year study (Tables 27, C5,
and DS5). The lesion was more frequent and severe in
exposed males than in exposed females. The
cytologic alteration consisted of enlargement of the
centrilobular hepatocytes (hypertrophy), enlargement
of the nuclei, and increased eosinophilic staining of
the cytoplasm. Focal necrosis was seen in a number
of males receiving 2,000 and 6,000 ppm at the
15-month interim evaluation, but not in females,
controls, or 666 ppm males. In the 2-year study, the
incidence of focal necrosis was significantly increased
in all exposed male groups. The necrosis occurred
primarily in the centrilobular or midzonal regions of
the liver lobules and was characterized by infrequent,
scattered individual cells or small foci of cells
exhibiting nuclear pyknosis or karyorrhexis. These
changes were often accompanied by small
erythrocyte-filled spaces, diagnosed as hemorrhage,
and individual Kupffer cells filled with golden brown
or greenish brown pigment.
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TABLE 24

Survival of Mice in the 2.Year Feed Study of o-Nitroanisole

o-Nitroanisole, NTP TR 416

0 ppm 666 ppm 2,000 ppm 6,000 ppm
Male
Animals initially in study 60 60 60 60
15-Month interim evaluation® 10 10 9 10
Natural deaths 1 2 3 3
Moribund kills 14 5 8 7
Missexed® ‘ .0 0 1 0
Animals surviving to study termination 35 43 39 40
Percent probability of survival at end of studyb 70 86 78 80
Mean survival (days)® 673 676 680 661
Survival analysis? P=0.836N P=0.095N P=0.543N P=0.435N
Female
Animals initially in study =~ - ‘ 60 60 60 60
15-Month interim evaluation® 10 10 10 10
Natural deaths 5 8 7 .. 0
Moribund kills 7 16 10 5
Animals surviving to study termination” - 38" 26 33 45
Percent probability of survival at-end of study Ry 53 66 . 91
Mean survival (days) T 654 647 655 . 670 .
“Survival analysis ' P=0.005N P=0.028 P=0.368 © P=0.110N

Censored from survival analyses
Kaplan-Meier determinations

G O OB

Mean of all deaths (uncensored, censored, and terminal sacrifice).
" The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons

~ (Cox, 1972) with the controls are in the dosed columns. A negative trend or lower mortality in a dose group is indicated by N.
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Kaplan-Meler Survival Curves for Male and Female Mice
Administered o-Nitreanisole in Feed for 2 Years
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TABLE 25
Mean Body Weights and Survival of Male Mice in the 2-Year Feed Study of o-Nitroanisole

Weeks 0 ppm 666 ppm . 2,000 ppm . 6,000 ppm
on Av. Wt. No.of Av. Wt Wt. (%o of No.of Av. Wt Wt (% of No.of Av. Wt. Wt. (% of No. of
Study (8 Survivors (g controls) Survivors (g controls) Survivors (g) controls) Survivors

1 232 60 23.0 9 60 229 99 60 220 95 60
2 25.1 60 24.7 98 60 24.7 98 60 21.2 85 60
3 259 60 25.7 99 60 25.6 99 60 21.7 84 60
4 27.0 60 26.8 9 60 26.7 99 60 23.0 85 60
5 27.6 60 27.4 99 60 273 99 60 234 85 60
6 29.1 60 28.7 99 60 283 97 60 24.8 85 60
7 29.8 60 29.4 9 60 29.1 98 60 254 85 60
8 30.6 60 30.0 98 60 29.7 97 60 258 84 60
9 309 60 30.7 99 60 30.2 98 60 26.1 85 60
10 31.1 60 30.7 9 60 30.6 98 60 259 83 60
11 31.5 60 313 99 60 31.0 98 60 26.5 84 60
12 326 60 323 99 60 31.8 98 60 27.1 83 60
13 327 60 325 99 60 319 98 60 273 84 60
17 35.1 60 345 98 60 34.0 97 60 - 27.6 79 59
21 13718 60 373 99 60 36.5 97 60 28.0 74 59
25 39.6 60 38.4 97 60 377 95 60 289 73 59
29 41.6 60 403 97 60 39.5 95 60 29.1 70 59
33 437 60 423 97 60 41.7 95 60 30.1 69 59
37 4.5 60 432 97 60 424 95 - 60 30.1 68 59
41 45.0 60 442 98 60 427 95 60 30.4 68 59
45 450 60 438 97 60 431 9 60 30.0 67 59
49 457 60 441 97 60 43.7 9% 60 29.9 65 59
53 46.7 60 452 97 60 447 9% 60 30.5 65 59
57 46.9 60 459 98 60 453 97 60 31.0 66 59
61 478 60 46.5 97 60 45.6 95 60 30.9 65 59
65 48,0 60 47.6 99 60 46.6 97 . 60 315 66 59
69* 492 50 480 98 50 472 9% 50 317 64 48
73 49.0 49 482 98 50 472 9% 50 . 318 65 48
77 487 49 483 9. 50 474 97 50 319 66 48
81 489 49 479 98 49 469 9 50 318 65 48
85 484 49 47.4 98 48 463 9 50 31.8 66 47
89 479 49 47.6 99 48 458 9 49 31.8 66 47
93 477 49 46.5 98 48 448 94 48 31.7 67 46
97 48.0 47 46.6 97 48 438 91 47 31.6 66 45
101 47.6 46 46.1 97 48 422 89 47 320 67 45
Terminal sacrifice 35 43 39 40
Mean for weeks )
1-13 29.0 287 - 99 28.4 98 24.6 85
14-52 420 40.9 97 40.1 95 293 70
53-101 481 471 98 457 95 315 65

2 Interim evaluation occurred during week 65.
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TABLE 26
Mean Body Weights and Survival of Female Mice in the 2-Year Feed Study of o-Nitroanisole

73

Weeks 0 ppm

666 ppm_ . 2,000 ppm 6,000 ppm

on Av. Wi. No.of Av. Wt. Wt (% of No. of Av. Wt. We. (% of No.of Av. We. We. (% of No. of
Study (&) Survivers (g) controls) Survivors {(g) controls) Survivors (g) controls) Survivers

1 18.0 60 18.6 103 60 179 99 60 17.2 %6
2 203 60 20.8 103 60 199 98 60 18.1 89
3 21.7 60 21.9 101 60 21.1 97 60 183 84
4 23.0 60 232 101 60 223 97 60 19.2 84
5 23.6 60 239 101 60 23.0 98 60 19.7 84
6 24.4 60 25.1 103 60 24.1 99 60 21.0 86
7 252 60 252 169 60 24.6 98 60 21.2 84
8 25.6 60 258 101 60 24.6 9 60 21.2 83
9 25.7 60 263 102 60 251 98 60 21.6 84
10 263 60 27.0 103 60 25.8 98 60 222 84
11 26.7 60 271 102 60 26.0 97 60 21.8 82
12 27.1 60 275 102 60 26.2 97 60 214 79
13 27.7 60 28.3 102 60 26.3 95 60 22.7 82
17 29.7 60 30.2 102 60 219 94 60 222 75
21 32.7 59 333 102 60 30.2 92 60 234 72
25 34.1 59 34.7 102 60 30.9 91 60 234 69
29 136.7 59 373 102 60 329 9 60 24.4 67
33 388 59 39.0 101 60 348 90 60 24.7 64
37 39.0 59 399 102 60 35.6 91 60 24.5 63
41 404 592 412 102 60 359 89 60 250 62
45 409 59 41.1 101 60 363 89 60 25.0 61
49 425 58 422 99 59 374 88 60 24.7 58
53 437 58 435 160 58 379 87 60 25.1 57
57 449 58 44.6 99 57 39.0 87 60 254 57
61 474 58 46.3 98 57 403 85 60 25.4 54
65 48.1 58 417 9 56 412 86 59 25.6 53
69® 49.6 48 474 96 46 42.1 8s 49 26.1 53
73 49.6 48 471 95 46 421 85 49 26.1 53
77 51.0 47 480 94 46 422 83 49 26.7 52
81 511 47 479 94 46 23 83 45 26.6 52
85 51.7 46 482 93 46 421 81 44 26.7 52
89 51.1 46 480 94 46 427 84 42 27.1 53
93 498 44 463 93 44 417 84 42 26.7 54
97 49.6 43 45.6 92 42 417 84 41 27.0 54
101 48.0 42 44.6 93 35 39.2 82 37 272 57
Terminal sacrifice a8 26 33
Meamn for weeks'
1-13 24.3 24.7 102 23.6 97 20.4 84
14-52 372 31.7 101 335 90 24.1 65
53-101 489 46.6 95 41.1 84 26.3 54

8555588232323233233232388282338883383888

% The number of animals weighed for this week is fewer than the number of animals surviving;
Interim evaluation cccurred during week 65.
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MEAN BODY WEIGHT IN GRAMS

" MEAN BODY WEIGHT IN GRAMS
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TABLE 27

Incidences of Selected Liver Lesions in Mﬁce im the 2-Year ]Fceed] Study of o-Nitroanisole

75

Dose (ppm) 0 666 2,000 6,000
Male

15-Month Interim Evaluation

n® 10 10 9 10
Cytologic alteration® 0 700 900 10°¢
Necrosis 0 0 2 4
Eosinophilic focus 0 0 0 1
2-Year Study

n 50 50 50 50
Cytologic alteration 0 4400 4990 49%
Necrosis 3 13¢ 27°¢ 3408
Hemorrhage 1 4 20°° 280°%
Kupffer cell pigmentation 0 0o 3 1622
Eosinophilic focus -1 15¢° 16°¢ 130°
Femsle

15-Month Interim Evaluation

n 10 10 10 10
Cytologic alteration 0 1 9ce 9ee
Eosinophilic focus 0 1 0 1
2-Year Study

n . 50 50 50 50
Cytologic alteration 0 goo 140¢ 4]1¢°
Eosinophilic focus 11 6 21° 16 .

®  Significantly different (P<0.05) from the control group by the logistic regression test (2-year study) or the Fisher exact test

(15-month interim evaluations)

** P<0.01

®  Number of animals with liver examined microscopically

Number of animals with lesion




76

At the 15-month interim evaluation, eosinophilic foci
occurred in one male and one female that received
6,000 ppm and one female that received 666 ppm
(Table 27). In the 2-year study, however, the
incidences of eosinophilic foci were significantly
increased in all exposed male groups. In females,
eosinophilic foci occurred more frequently in the
2,000 and 6,000 ppm groups, but only the incidence
in the 2,000 ppm group was significantly increased.

Hepatocellular adenomas or carcinomas also occurred
in a few mice at the 15-month interim evaluation
(Tables 28, C1, and D1). In the 2-year study, hepato-
cellular adenomas were significantly increased in all
exposed male groups, although the incidence of
adenoma in males receiving 6,000 ppm was lower
than that in males receiving 2,000 ppm (Tables 28
and C3). Hepatoblastomas, rare morphological
variants of hepatocellular carcinoma, occurred in all
groups of exposed male mice, but not in the controls.
Thus, the incidences of hepatocellular neoplasms
(hepatocellular adenoma, hepatocellular carcinoma,
or hepatoblastoma) were significantly increased in the
2,000 and 6,000 ppm groups (Table C3). The inci-
dences of hepatocellular adenoma or hepatocellular
adenoma or carcinoma (combined) were significantly
increased in females that received 2,000 ppm
(Table D3).

Basophilic, eosinophilic, mixed cell, and clear cell foci
are considered preneoplastic lesions. Foci, hepato-
cellular adenoma, and hepatocellular carcinoma
constitute a morphological continuum. The foci were
circumscribed lesions generally consisting of enlarged
hepatocytes with either basophilic, eosinophilic, clear
cytoplasm, or a mixture of cells with different staining
properties. There was generally little or no compres-
sion of surrounding parenchyma and the hepatic
cords of the lesion blended with those at the
periphery. Hepatocellular adenomas were larger and
usually exhibited greater distortion or alteration of
hepatic architecture with loss of normal lobular
structure.  Hepatocellular carcinomas exhibited
heterogeneous growth patterns with hepatic
trabeculae four or more cell layers thick.

Hepatoblastomas were a morphological variant of
hepatocellular carcinomas with typical small undiffer-
entiated cells containing hyperchromatic nuclei and
scant basophilic cytoplasm. These primitive
appearing cells were usually within a larger neoplasm

o-Nitroanisole, NTP TR 416

consisting primarily of neoplastic hepatocytes similar
to those found in adenomas or carcinomas.

Nose: Several inflammatory and degenerative lesions
of the nasal mucosa occurred more frequently in
exposed male and female mice than in controls at the
15-month interim evaluation and in the 2-year study
(Tables C5 and DS). In the 2-year study, the
incidences of exudate, dilatation, and hyperplasia of
the septal and Bowman’s glands, hyaline degeneration
of the mucosal epithelium, and respiratory metaplasia
of the olfactory epithelium were significantly
increased in females that received 2,000 and
6,000 ppm and, with the exception of hyaline degen-
eration, in males that received 6,000 ppm (Table 29).
The inflammatory exudate consisted of mucus,
degenerating neutrophils, and cellular debris on the
mucosal surface or within the lumens of the septal
glands and Bowman’s glands. The lumens of the
glands were often dilated and the glandular epithelial
cells were enlarged and prominent. The hyaline
degeneration was characterized by the accumulation
of large hyaline droplets in secretory cells of the
respiratory epithelium and olfactory epithelium,
particularly near the junction of these two epithelial
types. The respiratory metaplasia of the olfactory
epithelium was multifocal in distribution and often
located on the dorsal wall of the dorsal meatus and
posterior medial aspects of the nasoturbinates. In
the affected areas the specialized olfactory epithelium
was replaced by ciliated columnar epithelium.,

Lung:  Focal proliferation of the bronchiolar
epithelium was observed in exposed mice, particularly
males, but not in controls (males: O ppm, 0/50;
666 ppm, 2/50; 2,000 ppm, 13/50; 6,600 ppm, 14/50;
females: 0/50; 3/50; 5/50; 4/50; Tables C5 and DS).
The lesion was characterized by subtle extension of
the cuboidal bronchiolar epithelium into the adjacent
alveoli. Usually only one or a few bronchioles in the
lung sections were affected.

Kidney: The relative kidney weights of all exposed
males and of females receiving 6,000 ppm were
significantly greater than those of the controls at the
15-month interim evaluation (Table H10). Although
absolute kidney weights of males receiving 666 and
2,000 ppm were slightly greater than the controls,
that of males receiving 6,000 ppm was significantly
lower than that of controls. The increases in relative
kidney weights of the 666 and 2,000 ppm males
suggest a direct chemical-related effect, but the
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TABLE 28

Incidences of Liver Neoplasms in Mice in the 2-Year Feed Study of ¢o-Nitreanisole
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Dose (ppmm) 0 666 2,000 6,000
Male
15-Month Interim Evaluation
Hepatocellular Adenoma
Overall rate® 210 0/10 09 1/10
Hepatocellular Carcinoma
Overall rate 0/10 1210 09 0/10
Hepatoblastoma
Overall rate 0/10 0/10 0/9 0/10

2-Year Study

Hepatocellular Adenoma
Overall rate
Adjusted rate®
Terminal rate®
First incidence (days)
Logistic regression test

Hepatocellular Carcinoma
Overall rate

Hepatoblastoma
Overall rate
Adjusted rate
Terminal rate
First incidence (days)
Logistic regression test

Hepatocellular Adenoma, Carcinoma, or Hepatoblastoma

Overall rate

Adjusted rate
Terminal rate

First incidence (days)
Logistic regression test

(continued)

14/50 (28%)
36.3%

11735 (31%)
709
P=0012

7/50 (14%)

0/50 (0%)
0.0%

0/35 (0%)
€

P=0.016

21/50 (42%)
49.0%

14/35 (40%)
647
P=0.030

f

26/50 (52%)
56.3%

23/43 (53%)
549
P=0.014

12/50 (24%)

3/50 (6%)
6.4%

1/43 (2%)
582
P=0.093

33/50 (66%)
66.0%
26/43 (60%)
549
P=0.013

41/50 (82%)
89.0%

34/39 (87%)
617
P<0.0601

11/50 (22%)

17/50 (34%)
37.1%

11/39 (28%)
617
P<0.001

46/50 (92%)
93.8%

36/39 (92%)
617
P<0.001

29/50 (58%)
64.4%

24/40 (60%)
673
P=0.001

7/50 (14%)

9/50 (18%)
21.3%
7/40 (18%)
709

P=0.602

34/50 (68%)
75.5%
29/40 (73%)
673
P=0.005




. T : . o-Nitroanisole, NTP TR 416

TABLE 28
Incndences of Liver Neoplasms in Mice in the 2-Year Feed Study of o-Nltroamsole (continued)

Dose(ppm) | T e 2,000 6,000

Female :

15-Month Interim Evaluation

Hepatocellular Adenoma . .
Overall rate ; - 010 110 210 0/10
Hepatocellular Carcinoma :
Overall rate 0/10 v 0/10 0/10 0/10
Hepatoblastoma . . . .
Overall rate 0/10 0/10 0/10 0/10
2-Year Study
Hepatocellular Adenoma : »
Overall rate . . : . . 14/50 (28%) & . 20/50 (40%) 36/50 (72%) 18/50 (36%)
Adjusted rate : '368% - 60.9% 83.6% 39.1%
Terminal rate — 14/38 (37%) 14/26 (54%) 26/33 (79%) 17/45 (38%)
First incidence (days) ‘ 728 (T) - 619 546 710
Logistic regression test . P=0.450N - P=0.080 P<0.001 P=0412
Hepatooellﬁlar Carcinoma
Overall rate - . 5/50 (10%) .. L 2/50 (4%) . 8/50 (16%) 3/50 (6%)
Hepatoblastoma. L o |
Overall rates . ) 1/50 (2%) - 1/50 (2%) 2/50 (4%) 0/50 (0%)
Hepatc;cellular Adenoma, Carcinoma, or Hepatoblastoma® :
Overall rate 17/50 (34%) 22/50 (44%) 37/50 (14%) 20/50 (40%)
Adjusted rate 43.5% 63.4% 85.9% 43.5%
Terminal rate 16/38 (42%) 14/26 (54%) : 27133 (82%) 19/45 (42%)
First incidence (days) 693 _ 619 546 710
Logistic regression test P=0.388N P=0.124 P<0.001 P=0.487

('I')Termmal sacnﬁce

Number of neoplasm-bearing animals/number of animals examined microscopically

Kaplan-Meler estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values

corresponding 1o pairwise comparisons between the controls and that dosed group. The logistic regression tests regard lesions in

animals dying prior to terminal kl“ as nonfatal A negauve trend or a lower mcldenoe ina dose group is-

indicated by N. :

¢ Not applicable; no neoplasms in animal group

£ 2-Year historical incidence for control groups in NTP feed study (mean * standard devxatlon) 249/865 (28 8% * 16.3%),
range.0%-58%

2 Historical incidence: 98/863 (11.4% % 7.7%); range 0%-34%

a o o
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TABLE 29

Selected Nasal Lesions of Mice in the 2-Year Feed Study of o-Nitroanisole
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666

2,000

6,00@

Dose (ppm) 0
Male
15-Month Interim Evaluation
n? 10 ob 2 10
Exudate® 0 0 1
Glandular dilatation 2 2 10°
Glandular hyperplasia 0 0 10°°
Hyaline degeneration 0 0 (| .
Olfactory epithelium metaplasia 0 0 10°¢
2-Year Study
n 50 50 50 50
Exudate 4 4 6 49¢¢
Glandular dilatation 3 6 12 4922
Glandular hyperplasia 1 2 12#2 49°¢
Hyaline degeneration 0 0 0 0
Olfactory epithelium metaplasia 0 0 7%° 46°°
Female
15-Month Interim Evaluatiom - )
n 10 5 10 10
Exudate 0 0 0 3
Glandular dilatation 1 0 9e° 10¢°
Glandular hyperplasia 0 0. . 6° 10°¢
Hyaline degeneration . 7 5 6 10 -
Olfactory epithelium metaplasia . 0 0 708 10°°
2-Year Study
n - 50 50 50 50
Exudate 6 -5 27°¢ 49°¢
Glandular dilatation 9 12 36°¢ . 49°°
Glandular hyperplasia 2 4. 340¢ 50°¢
Hyaline degeneration - 8 7 12 45°¢
1 1 20°°

Oifactory epithelium metaplasia

)

4900 .

° Significantly different (P<0.05) from the control group'bytlogistic,‘ regrasidn (2-year stﬁdy) or Fishef exact text (15-month inl_erim

evaluations)
*2 P<0.01

2 Number of animals with nose examined microscopically
Nose not examined in this dose group

¢ Number of animals with lesion




kidney weight differences in the 6,000 ppm groups
are largely attributable to the significantly lower
mean body weights.

There were no differences in the incidences of kidney
lesions between control and female mice receiving
6,000 ppm at the 15-month interim evaluation
(Tables C5 and DS). In male mice, however, renal
tubule regeneration occurred less frequently in the
6,000 ppm group than in the controls. In the 2-year
study, the incidences of renal tubule regeneration in
females that received 2,000 ppm and males and
females that received 6,000 ppm were significantly
decreased (Table 30). Moreover, the average severity
of the lesion was also lower in males receiving
6,000 ppm than in controls, but not substantially
lower in exposed females. Focal renal tubule
regeneration is the most overt histologic mani-
festation of chronic renal disease in aging mice and
consists of focal collections of tubules with epithe-
lium having basophilic cytoplasm and enlarged

TABLE 30

o-Nitroanisole, NTP TR 416

vesicular nuclei. The incidence of lymphoid hyper-
plasia in males and females that received 6,000 ppm
was also significantly decreased. There was also a
significantly decreased incidence of focal
mineralization in females receiving 6,000 ppm.

Pituitary gland: An adenoma of the pars distalis was
seen in one control female and a carcinoma was seen
in one female that received 2,000 ppm at the
15-month interim evaluation (Table D1). In the
2-year study, however, there was a significantly
decreased incidence of pars distalis adenomas in
females receiving 6,000 ppm -and a corresponding
decreased incidence of focal hyperplasia (adenoma:
7/49, 6/47, 8/48, 0/48; hyperplasia: “9/49, 10/47, 5/48,
0/48; Tables D1 and DS). These lesions may be
related to nutritional or physiological changes
associated with the lower mean body weights
of female mice in the 6,000 ppm group, rather than
to a direct chemical-related effect on the pituitary
gland.

Incidences of Selected Kidney Lesions in Mice in the 2-Year Fet;d Study.of o-Nitroanisole

Dose (ppm) 0 666 2,000 6,000
Males

n? 50 50 50 50
Regeneration, renal tubule® 48 (2.3)° 46 (2.1) 48 (2.2) 32*(1.0)
Hyperplasia, lymphoid 20 (1.7) 16 (1.5) 25 (1.4) 8%*(1.3)
Mineralization 41 (1.9) 48 (2.4) 50 (2.4) 36 (1.0)
Females

n 50 50 50 50
Regeneration, renal tubule 3314 28 (1.2) 17+(1.1) 12*(1.0)
Hyperplasia, lymphoid 22 (1.5) 21 (1.5) 23 (1.5) 14*(1.6)
Mineralization 22 (1.1) 18 (1.2) 12 (1.1) 9*(1.0)

* Significantly different (P<0.05) from the control group by logistic regression

Number of animals with kidney examined microscopically
Number of animals with lesion

Average severity grade of lesions in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked
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Harderian gland: The harderian glands, specialized
lacrimal glands located posterior to the eyes, were
examined microscopically only when they were
observed to be enlarged at necropsy. The incidences
of harderian gland adenoma or carcinoma (combined)
in males that received 2,000 and 6,000 ppm were
significantly decreased (10/50, 4/50, 2/50, 3/50;
Table C3). However, the incidence in the concurrent
controls is substantially higher than that in the NTP
historical controls and is the highest observed in an
individual control group (48/872 (6%), range
0%-20%; Table C4b). Thus, the decreased incidences
in the exposed groups may not be chemical related.

Adrenal gland: Adrenal cortical adenomas in males
occurred in the control, 666, and 2,000 ppm groups,
but not in the 6,000 ppm group. Although the
incidence of adenomas in the 6,000 ppm group was
significantly decreased (Table C3), the incidence in
control males is substantially higher than that in NTP
historical controls and is the highest observed in an
individual control group (14/851 (2%), range
0%-14%; Table C4c). As with the harderian gland
neoplasms, the decreased incidence in males
receiving 6,000 ppm is not considered chemical
related.

GENETIC TOXICOLOGY

o-Nitroanisole was tested in two laboratories using a
preincubation protocol for induction of gene muta-
tions in five strains of Salmonella typhimurium in the
presence and the absence of Aroclor 1254-induced
male Sprague-Dawley rat or Syrian hamster liver S9
(Table G1). In the first study (Haworth et al., 1983),
concentrations of 33 to 2,150 pg/plate were tested in
strains TA98, TA100, TA1535, and TA1537; positive
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responses were observed only in strain TA100, with
and without S9. In the second study, strains TA97,
TA98, TA100, and TA1535 were tested with concen-
trations up to 3,333 ug/plate; positive responses were
again noted for TA100, with and without S9, and also
for TA1535, without S9. Both of these strains have
the same DNA target site, and are reverted via base
substitution. In cytogenetic tests with Chinese
hamster ovary cells, o-nitroanisole induced
sister chromatid exchanges with and without Aroclor
1254-induced male Sprague-Dawley rat liver S9
(Table G2; Galloway et al, 1987); at higher doses
(above 123 pg/mL without S9, and above 811 ug/mL
with S9), delayed harvest times were used to offset
o-nitroanisole-induced cell cycle delay and allow for
accumulation of sufficient metaphase cells for
analysis. In the Chinese hamster ovary cell chromo-
somal aberrations test (Table G3; Galloway et al,
1987), o-nitroanisole induced a significant increase in
aberrations at the highest dose (1,060 pg/mL) tested
in the presence of S9 activation; this response was
due mainly to an increase in breaks which occurred
in the long arm of the X chromosome. No increase
in aberrations was observed in either of the two trials
conducted without S9. o-Nitroanisole was positive in
the mouse lymphoma L5178Y cell assay for induction
of trifluorothymidine resistance in the absence of S9
activation; it was not tested with S9 (Table G4). The
first of three trials was considered inconclusive
because although a negative response was obtained at
the highest nonlethal dose tested, the relative total
growth of the treated cultures was not markedly
decreased. In the remaining two trials, a dose-related
increase in trifluorothymidine-resistant colonies was
observed and significantly increased responses
occurred at doses where the relative total growth was
depressed below 50%. '
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DISCUSSION AND CONCLUSIONS

o-Nitroanisole is used primarily as a precursor in the
synthesis of o-anisidine, an intermediate in the
manufacture of many azo dyes. o-Nitroanisole is one
of a series of single ring aromatic amines which have
been evaluated for carcinogenic potential by the NTP.
This class of chemicals was selected for evaluation
because of occupational and consumer exposure and
because several aromatic amines have been identified
as human bladder carcinogens. Most of these single
ring compounds have been used or are still used in
the manufacture of dyes.

During 14-day and 13-week studies administration of
o-nitroanisole caused an anemia in both rats and
mice which was characterized by increased levels of
methemoglobin and accelerated destruction of eryth-
rocytes. In the 13-week rat study, reduced mean body
weights and decreased feed consumption were ob-
served in groups receiving the two highest dietary
concentrations. In addition, absolute and relative
liver, kidney, and spleen weights were increased in
exposed male and female rats, and absolute and
relative thymus weights were decreased in exposed
females and increased in exposed males. In rats,
lesions associated with o-nitroanisole exposure were
present in the spleen, liver, and kidney, but the most
severely affected organ was the urinary bladder.
Diffuse hyperplasia of the transitional epithelium of
the urinary bladder occurred in all rats that received
6,000 and 18,000 ppm in the 13-week study. Focal
squamous metaplasia of the urinary bladder occurred
in all females and two males receiving 18,000 ppm.
Transitional cell neoplasms were present in three
males and four females that received 18,000 ppm.
The Pathology Working Group that reviewed the
13-week study questioned whether or not the lesions
would persist or regress if chemical exposure was
discontinued. Therefore, to investigate the biological
potential of these lesions, a stop-exposure study with
interim evaluations at 3, 6, 9, and 15 months was
added to the design of the 2-year rat study. The only
chemical-related lesion present in mice during the
13-week study was hepatocellular hypertrophy which
occurred only in male mice and increased in severity
with exposure levels above 200 ppm.

During the 2-year studies survival of male rats that
received 2,000 ppm was lower than that of the
controls, primarily as a result of an increased severity
of nephropathy. However, the survival of female rats
receiving 2,000 ppm or less, male rats receiving 222
and 666 ppm, all exposed male mice, and female mice
receiving 2,000 and 6,000 ppm was similar to that of
the controls. Survival of male and female rats that
received 6,000 and 18,000 ppm in the stop-exposure
study was markedly reduced as a result of moribund
deaths associated with the presence of urinary
bladder neoplasms. The mean body weights of the
stop-exposure groups were also much lower than
those of the controls.

The dose-response trend for increased incidences of
urinary bladder neoplasms in rats is illustrated in
Table 31. Continuous administration of 222 or
666 ppm o-nitroanisole had no effect on the bladder
over the 2-year duration of the study. Exposure to
2,000 ppm for 2 years caused marginal increased
incidences of transitional cell neoplasms in female

-rats and slightly increased incidences of nonneoplastic

proliferative lesions of the bladder in both males and
females. Exposure to 6,000 ppm for 3 months
increased the incidence of transitional cell
hyperplasia in female rats, and after 3 months of
exposure to 18,000 ppm, the incidence of hyperplasia
of the transitional epithelium was increased in both
sexes and a transitional cell carcinoma was observed
in a male rat. These results were similar to the
observations in the 13-week study. After 6 months of
exposure to 6,000 ppm, transitional cell hyperplasia
was observed in all male and female rats examined;
transitional cell papillomas were present in two male
rats, while 6 months of exposure to 18,000 ppm
resulted in transitional cell carcinomas in all male
and female rats examined. Therefore, increasing the
dietary exposure level from 2,000 to 6,000 ppm was
associated with an increase in the incidence of
neoplasms and markedly reduced latency for develop-
ment of both carcinomas and preneoplastic lesions.

A similar type of dose response for the induction of
urinary bladder neoplasms has been observed in




TABLE 31
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Response of the Male Rat Urinary Bladder to o-Nitroanisole

Exposure Study Transitional Transitional Transitional
Dose Time Length Hyperplasia Papilloma Carcinoma
(ppm) (weeks) (weeks)
222 103 103 0 0 0 |
666 103 103 0 0 0
2,000 103 103 0 2/50 0
6,000 13 13 0 0 0
6,000 26 28 10/10 2/10 0
6,000 26 40 10/10 210 310
18,000 13 13 9INo 0 1/10
18,000 26 28 0 0 10/10

F344/N rats exposed to N-butyl-N-(4-hydroxybutyl)-
nitrosamine (BBN) (Ito et al, 1984), or to the
well-studied bladder carcinogen N-[4-(5-nitro-
2-furyl)-2-thiazolyl]formamide (FANFT) (Arai ef al,
1983; Hasegawa et al., 1986). For both compounds,
the incidence of bladder neoplasms increases and the
latency decreases as exposure concentration increases,
so at higher dose levels neoplasms may be induced
after a shorter period of chemical exposure.

From an analysis of the FANFT data in the context
of a biologically based two-event model of carcino-
genesis, Greenfield et al. (1984) have proposed that
this type of response can be expected for a chemical
which affects neoplasm formation both by its ability
to produce lesions in the DNA of a target cell
population and its ability to stimulate increased
proliferation of the target cell population. For the
present discussion the target cell population is the
transitional epithelium of the urinary bladder and its
precursor or stem cells. For the FANFT data the
model assumes that at low doses the neoplasm
incidence will increase primarily as a result of the
genotoxic effects of the chemical; at these dose levels
cell proliferative effects are minimal. As the dose
increases, potentially preneoplastic genetic damage
also increases; however, because of cytotoxicity,
regenerative  proliferation of the transitional

epithelium of the urinary bladder also occurs. The
superposition of increased genetic damage and
increased cell proliferation results in an increase in
neoplasm incidence substantially greater than would
occur from either one alone. Over the range of dose
concentrations at which cell proliferation increases,
the slope of the dose response curve increases sharply
and the latency for neoplasm development decreases.

Qualitatively there appears to be reasonable
agreement between the predictions of the model and
the current results for o-nitroanisole. After 3 months
of exposure to 18,000 ppm, hyperplasia had increased
the thickness of the transitional epithelium to at least
30 cell layers, compared to a 3- to 10-cell layer
thickness for the transitional epithelium of controls.
In addition, absolute and relative urinary bladder
weights of the 18,000 ppm groups were significantly
increased at the 3-, 6-, and 9-month interim evalua-
tions. Exposure to 2,000 ppm for 13 weeks had no
effect on the bladder; exposure to 2,000 ppm for
2 years caused focal hyperplasia in six females and
two males, a transitional cell papilloma in one
female, and a carcinoma in another. Therefore,
between 2,000 and 6,000 ppm there was a marked
increase in both cell proliferation and neoplasm
incidence and a marked reduction in neoplasm
latency.



Discussion and Conclusions

Numerous factors may be involved with increasing
the rate of cell proliferation in the urinary bladder,
and these have been discussed in recent publications
(Cohen et al., 1991; Okamura et al, 1991). For most
chemicals the underlying cause of increased prolifera-
tion has not been specifically identified, although it
is often attributed to regenerative hyperplasia associ-
ated with some type of chemical-related cytotoxicity
or irritant response. The character of the toxicity
responsible for inducing hyperplasia in the bladder of
rats that received 6,000 or 18,000 ppm is uncertain.

The major route of metabolism of o-nitroanisole is
oxidative demethylation - to o-nitrophenol, which
appears in the urine predominantly as the sulfate
conjugate. A second pathway involves nitroreduction
to o-anisidine; at blood concentrations at which the
metabolism and elimination of o-nitroanisole is
linear, o-anisidine is a minor metabolite formed in
the liver. However, at higher doses the o-nitrophenyl
sulfate pathway may saturate, leading to the forma-
tion of proportionately more o-anisidine. The
metabolism of o-anisidine has not been determined.
However, it is also likely to be oxidatively
demethylated to o-aminophenol, which in turn would
normally be sulfated or glucuronidated. However, in
the presence of saturating levels of o-nitroanisole, the
additional o-aminophenol formed would probably
appear unconjugated in the urine. In theory
o-aminophenol could be reabsorbed by the urinary
bladder epithelium and oxidized to the reactive and
cytotoxic o-quinoneimine. However, the necrosis and
cell death that often accompany intracellular
formation or reaction of reactive intermediates was
not observed in the bladders of rats exposed to
o-nitroanisole.

Figure 8 lists the compounds which have caused
urinary bladder neoplasms in rats in previous NTP
2-year feed studies, and it is apparent that several of
these compounds bear a close structural resemblance
to o-nitroanisole. Moreover, most are genotoxic and
induce bladder neoplasms over the same range of
exposures as o-nitroanisole, suggesting that a
common mechanism may be involved. The most
potent rat bladder carcinogen to be evaluated by the
NTP is o-anisidine, and therefore it is tempting to try
to relate some common structural feature or
metabolite of the other compounds to o-anisidine
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(NCI, 1978b). The major route of metabolism of
o-toluidine is 4-hydroxylation to 3-methyl-
4-aminophenol (4-hydroxy-o-toluidine) followed by
conjugation (NCI, 1979a). It is also likely that
p-cresidine is oxidatively demethylated to
o-amino-4-methylphenol and conjugated (NCI,
1979b). The major route of metabolism of
4-amino-2-nitrophenol is probably direct conjugation,
with nitro-reduction to 2,4-diaminophenol in the liver
being a minor route (NCI, 1978a).

Exposure 10 o-nitroanisole caused a marginal
increased incidence of renal tubule neoplasms in rats
in the 2-year feed study. Renal tubule adenomas
were present in one male in each of the 222, 666, and
2,000 ppm groups, and renal tubule carcinomas were
present in two additional males that received
2,000 ppm. The increased incidence in the 2,000 ppm
group was statistically significant and the incidence
and the severity of nephropathy were increased in
exposed animals. However, very few preneoplastic
proliferative lesions were present; focal hyperplasia of
the renal tubule epithelium was present in three
222 ppm males and two 2,000 ppm males. Among
rats in the stop-exposure study, hyperplasia of the
transitional epithelium lining the renal pelvis was
first observed at the 6-month interim evaluation but
was present in rats from both the 6,000 and
18,000 ppm groups throughout the duration of the
study. At the end of the stop-exposure study,
transitional cell papillomas were present in three
males and one female and transitional cell carci-
nomas were present in six males and one female that
received 18,000 ppm. Because of early mortality in
the 6,000 and 18,000 ppm groups due to the presence
of urinary bladder neoplasms, it is likely that these
incidences are an underestimate of the carcinogenic
potential of o-nitroanisole in the kidney.

Consumption of diets containing o-nitroanisole for
2 years caused a dose-related increased incidence of
focal hyperplasia of the forestomach mucosa as well
as a slight dose-related increased incidence of fore-
stomach ulcers in male and female rats. In addition,
squamous cell papillomas or carcinomas were present
in one female receiving 222 ppm, two males receiving
666 ppm, and two males and two females receiving
2,000 ppm. Among groups of rats from the
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‘Discussion and Conclusions

stop-exposure study, adenomatous polyps of the large
intestine were observed at all interim evaluations. At
the end of the stop-exposure study, the incidence of
adenomatous polyps was increased in the exposed

groups, and the incidence of carcinomas of the large

intestine was significantly increased in both the 6,000
and 18,000 ppm groups. Spontaneous neoplasms of
the forestomach and large intestine are uncommon in
F344/N rats and the increased incidences observed in
the present study are considered to be related to
chemical exposure.

The incidence of mononuclear cell leukemia was
~ increased and exceeded the historical control rate in
male rats that received 666 and 2,000 ppm and
female rats that received 2,000 ppm of o-nitroanisole
for 2years, The incidence of mononuclear cell
leukemia in control rats from the stop-exposure study
was approximately the same as that for controls in
the 2-year study;, however, the incidence of mono-
nuclear cell leukemia in exposed rats of the
stop-exposure study was very low, most likely as a
result of the markedly reduced survival in these

groups.

Exposure to o-nitroanisole was associated with
increased absolute and relative liver weights and
increased incidences of liver lesions in both rats and
mice. The increased absolute and relative liver
weights were consistent with the liver being the
primary organ involved with metabolism of
o-nitroanisole. In rats the lesions were primarily
nonneoplastic and although a few hepatocellular
neoplasms were present in exposed rats, the
incidences were low and not dose related. The
incidences of focal necrosis and preneoplastic foci of
cellular alteration were increased in exposed male
mice. In addition, the incidences of hepatocellular
adenoma and hepatocellular carcinoma or
hepatoblastoma (combined) were significantly
increased in ‘'male mice receiving 2,000 and
6,000 ppm; the incidence of hepatocellular adenoma
or carcinoma (combined) was significantly increased
in all exposed groups of male mice. The strong dose-
related increased incidence of neoplasms in male
mice was considered clear evidence of carcinogenic
activity. In female mice the incidence of
hepatocellular adenoma was significantly increased in
the 2,000 ppm group but was not significantly
increased in the 666 or 6,000 ppm groups. However,
the significant depression in mean body weight (54%
of control from week 53 to week 101) in 6,000 ppm
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female mice undoubtedly influenced the incidence of
hepatocellular neoplasms in this group.

As a group, the other structurally similar chemicals
which caused urinary bladder neoplasms in rats did
not produce uniform results in mice. o-Anisidine and
p-cresidine produced bladder neoplasms in male and
female mice, and p-cresidine produced liver
neoplasms in female mice (NCI, 1978b; 1979b).
o-Toluidine caused hemangiosarcomas in male mice
and liver neoplasms in female mice (NCI, 1979a),
while C.I. Disperse Blue 1 produced an equivocal
response in the liver of male mice and no evidence in
female mice (NTP, 1986), and 4-amino-2-nitrophenol
was negative in male and female mice (NCI, 1978a).
Therefore, the response in mice was different for
each chemical and each sex, and in general, mice
were less responsive than rats.

The effectiveness of four of the most commonly used
in vitro short-term genetic toxicity tests for prediction
of chemical carcinogenicity was evaluated using
114 chemicals tested by the NTP. The tests used
were induction of gene mutations in
Salmonella typhimurium (SAL) and mouse lymphoma
L5178Y cells (MLA), and induction of sister
chromatid exchanges (SCE) and chromosome
aberrations (Abs) in Chinese hamster ovary (CHO)
cells (Tennant er al., 1987; Zeiger et al., 1990). The
(SAL) assay was shown to have the lowest sensitivity,
the highest specificity, and the highest positive
predictivity for carcinogenicity of the four in vitro
tests. The other tests had lower predictivities for
carcinogenicity, and no combination of the four tests
was more predictive for carcinogenicity than
S. typhimurium alone. o

The aromatic nitro group of o-nitroanisole is a
molecular feature which provides an alert to potential
DNA reactivity (Ashby and Tennant, 1991).
o-Nitroanisole gave positive results in all four (SAL,
MLA, SCE, Abs) of the NTP in vitro genetic toxicity
tests, and one of the metabolites of o-nitroanisole
(o-anisidine) was also mutagenic in these same four
assays. Chemicals that are mutagenic in
S. yphimurium and contain a structural alert are
more likely to induce neoplasms in both rats and
mice than chemicals that do not have these charac-
teristics. These positive results in genotoxicity assays,
and the structurally alerting nitro group, were
predictive of the results of the bioassay, where




evidence of carcinogenicity was observed in both rats
and mice (Tennant et al., 1990).

CONCLUSIONS
Under the conditions of these feed studies there was
clear evidence of carcinogenic activity* of

o-nitroanisole in male and female F344 rats that
received diets containing 6,000 or 18,000 ppm for
6 months based on overall increased incidences of
benign and malignant neoplasms of the urinary
bladder, transitional cell neoplasms of the kidney, and
benign and malignant neoplasms of the large
intestine. There was a chemical-related increased
incidence of mononuclear cell leukemia in male and
female rats receiving diets containing 222, 666, or
2,000 ppm o-nitroanisole for 2 years. Marginally
increased incidences of uncommon renal tubule

o-Nitroanisole, NTP TR 416

neoplasms in male rats and forestomach neoplasms in
male and female rats were considered uncertain
findings. There was clear evidence of carcinogenic
activity of o-nitroanisole in male B6C3F; mice based
on increased incidences of benign and malignant
hepatocellular neoplasms. There was some evidence
of carcinogenic activity of o-nitroanisole in female
B6C3F, mice based on increased incidences of
hepatocellular adenomas.

Increased severity of nephropathy in male rats, and
increased incidences of focal hyperplasia of the renal
tubule epithelium and forestomach ulcers in male
rats, and of transitional cell hyperplasia of the urinary
bladder, focal hyperplasia of the forestomach, and
hyperplasia of transitional epithelium of the kidney
pelvis in male and female rats were associated with
exposure to o-nitroanisole.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 12. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appear on page 14.
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TABLE Al
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole?

0 ppm 222 ppm 666 ppm 2,000 ppm
Disposition Summary
Animals initially in study 60 60 60 60
15-Month interim evaluation 10 10 10 100
Early deaths ’
Moribund 16 13 24 35
Natural deaths 2 3 2 6
Survivors
Died last week of study 1
Terminal sacrifice 32 34 24 8
Animals examined microscopically 60 60 60 59
15-Month Interim Evaluation
Alimentary System
Liver ' 10) 10) (10) )
Mesentery ) ) 2)
Cardiovascular System
None
Endocrine System
Adrenal gland, medulla (10) (€))
Ganglioneuroma 1 (10%)
Pituitary gland o) (¢))
Pars distalis, adenoma 3 (30%) 1 (100%)
General Body System
None
Genital System
Epididymis 10) 10) 10) )
Preputial gland (10) (10) ® ®)
Carcinoma 1 (10%) 1 (11%) 1 (11%)
Testes _ 10) (10) (10) ()]
Bilateral, interstitial cell, adenoma 4 (40%) 1 (10%) 4 (40%) 4 (44%)
Interstitial cell, adenoma 1 (10%) 5 (50%) 5 (50%) 3 (33%)

Hematopoietic System
Bone marrow (10) ®
Spleen (10) (10) (10) )]
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TaABLE Al

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

25

0 ppm 222 ppm 666 ppm 2,009 ppm

15-Montls Interim Evaluasion (continued)

Integumentary System

Skin 10) ) ®
Subcutaneous tissue, scrotum, fibrosarcoma 1 (160%)

Musculoskeletal System

Skeletal muscle Q)

Nervous System

Brain (10) ®
Glioma malignant 1 (10%)

Respiratory System

Lung (10) (1) ©®
Alveolar/bronchiolar adenoma, multiple 1 (10%) 1 (100%)

Special Senses System

None

Urinary System

None

Systemic Lesions

Multiple organs® (10) 10) (10) &)
Leukemia mononuclear 1 (10%) 2 (22%)
Mesothelioma malignant 1 (10%)

Neoplasm Summary

Total animals with primary neoplasmsd 8 7 9 8
Total primary neoplasms 12 1 10 10

Total animals with benign neoplasms 8 6 9 7
Total benign neoplasms 10 8 9 7

Total animals with malignant neoplasms 2 2 1 3
Total malignant neoplasms 2 3 1 3
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TABLE Al
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study

Alimentary System

Intestine large, cecum (48) (48) 49) 47

Intestine large, colon 48) 48) (50) 48)

Intestine large, rectum (46) 49 (50) “49)

Intestine small, duodenum 49) “n (50) 47

Intestine small, ileum 48) “é7 (48) (46)

Intestine small, jejunum (48) “n “48) (48)
Adenocarcinoma 1 (2%)

Liver (50) (50) (50) ©(50)
Hepatocellular carcinoma 1(2%)

Hepatocellular adenoma 3 (6%) 1 (2%) 1 (2%)
Hepatocellular adenoma, multiple : 1 (2%)

Mesentery (10) 1) ) ®
Histiocytic sarcoma 1 (10%)

Pancreas ‘ 49 - 49) (50) (48)
Carcinoma, metastatic : 1 (2%)
Histiocytic sarcoma 1 (2%)

Acinar cell, adenoma 5 (10%) 3 (6%) 5 (10%)

Pharynx 03} .
Palate, squamous cell papilloma 1 (100%)

Stomach, forestomach (50) (50) (50) (50)
Squamous cell carcinoma 1 (2%) 1 2%)
Squamous cell papilloma 1 (2%) 1 (2%)

Stomach, glandular 50) 49 (50) (50)

Cardiovascular System

Heart ' (50) (50) (50) (50)
Schwannoma benign 1 (2%)

Endocrine System

Adrenal gland, cortex (48) (50) (50) (49)
Adenoma 2 (4%) 1 (2%)

Adrenal gland, medulla “9) 50) (50) (49)
Pheochromocytoma malignant 4 (8%) 3 (6%) 2 (4%)

Pheochromocytoma benign ) 7 (14%) 5 (10%) 8 (16%) 9 (18%)
Bilateral, pheochromocytoma malignant 2 (4%)
Bilateral, pheochromocytoma benign 2 (4%) 1 (2%)

Islets, pancreatic 49) 49) (50) 48)
Adenoma 1 (2%) 3 (6%) 4 (8%) 2 (4%)
Adenoma, multipie 1 2%)

Mixed tumor benign ’ 2 (4%) 1 (2%)

Parathyroid gland 47 (46) (¢ 48
Adenoma 1 (2%) 1 (2%)

Pituitary gland (50) (50) 49) 49)

Pars distalis, adenoma 14 (28%) 11 (22%) 9 (18%) 4 (8%)

Pars distalis, carcinoma 1 (2%) 1 (2%)
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TaABLE Al

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

97

0 ppm 222 ppm 666 ppm 2,080 ppm
2-Year Study (continued)

Endecrine System (continued)

Thyroid gland 49) (50) (50) (50)
C-cell, adenoma 1 (2%) 2 (4%) 2 (4%)

C-cell, carcinoma 1 (2%) 2 (4%) 1 (2%)
Follicular cell, adenoma 1 (2%) 1 (2%)
Follicular cell, carcinoma 1 (2%) 1 (2%) 2 (4%)

General Body System

None

Genital System

Epididymis (50) (50) (50) (50)

Preputial gland (50) (50) (50) 49)
Adenoma 3 (6%) 1 (2%) 1 (2%)
Carcinoma 6 (12%) 4 (8%) 3 (6%) 8 (16%)
Squamous cell carcinoma 2 (4%) |
Bilateral, adenoma 1 (2%)

Bilateral, carcinoma 1 (2%)

Prostate (50) (50) (50) (50)
Sarcoma 1 (2%)

Seminal vesicle (50) (50) (50) (50)

Testes (50) (50) (50) (50)
Bilateral, interstitial cell, adenoma 40 (80%) 38 (76%) 36 (72%) 35 (710%)
Interstitial cell, adenoma 8 (16%) 7 (14%) 9 (18%) 10 (20%)

Hematopoietic System

Bone marrow 49 (50) (50) 49

Lymph node ‘ 50) (50) (50) (50)
Mediastinal, histiocytic sarcom. 1 (2%)

Pancreatic, histiocytic sarcoma 1 (2%)

Lymph node, mandibular (50) (48) (50) (50)

Lymph node, mesenteric (49) (48) 49) (48)
Histiocytic sarcoma 1 (2%)

Spleen (50) 49) (50) (50)
Carcinoma, metastatic, harderian gland 1 (2%)
Hemangiosarcoma 1 (2%) 2 (4%)
Sarcoma 1 (2%)

Thymus 45) 48) “42) “7

Thymoma benign

1(2%)
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o-Nitroanisole, NTP TR 416

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of ¢-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)
Integumentary System
Mammary gland (48) 49) “n (50)
Adenoma 1 (2%)
Fibroadenoma 3 (6%) 1 (2%) 2 (4%) 1 (2%)
Skin 50 (50) (50) (50)
Basal cell adenoma 1 (2%)
Basal cell carcinoma 1 (2%)
Basosquamous tumor benign 1 (2%)
Hemangioma 1 (2%)
Keratoacanthoma 3 (6%) 1 (2%) 2 (4%)
Sebaceous gland, carcinoma 1 (2%)
Squamous cell papilloma 1 (2%) 1 (2%) 1 2%)
Subcutaneous tissue, basal cell carcinoma 1 (2%)
Subcutaneous tissue, fibroma 1 (2%) 3 (6%) 2 (4%) 1 (2%)
Subcutaneous tissue, fibrosarcoma 1 (2%)
Subcutaneous tissue, lipoma 1 (2%)
Subcutaneous tissue, myxosarcoma 1 2%)
Subcutaneous tissue, schwannoma malignant 1 (2%)
Musculoskeletal System _
Bone (50) (50) (50) (50)
Cranium, osteoma 1 (2%)
Femur, chondroma 1 (2%)
Tibia, chondroma 1 (2%)
Skeletal muscle 03]
Nervous System
Brain (50) (50) (50) (59)
Astrocytoma malignant 1 (2%)
Glioma malignant 1 (2%)
Respiratory System
Lung (50) (50) 50) (50)
Alveolar/bronchiolar adenoma 2 (4%) 2 (4%) 2 (4%)
Alveolar/bronchiolar carcinoma 1 (2%) 1 (2%) 1 (2%)
Carcinoma, metastatic, thyroid gland : 1 (2%)
Pheochromocytoma malignant, metastatic,
multiple, adrenal gland 1 (2%)
Nose (50) (50) (50) (50)
Lumen, endothelium, squamous cell carcinoma 1 (2%)
Respiratory epithelium, squamous cell
carcinoma 1 (2%) 1 (2%)
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TABLE Al

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,080 ppm
2-Year Study (continued)
Special Senses System
Ear )
Pinna, schwannoma malignant 1 (109%)
Eye [6)) ) @ @
Harderian gland (@)
Carcinoma 1 (50%)
Zymbal’s gland 1 )
Carcinoma 1 (160%) 1 (160%)
Urinary System
Kidney (49) 50 (50) 49)
Renal tubule, adenoma 1 (2%) 1 (2%) 1 (2%)
Renal tubule, carcinoma 2 (4%)
Urinary bladder (50) (50) (50) (50)
Transitional epithelium, carcinoma 1 (2%)
Systemic Lesions
Multiple organs (50) (50) (50) (50)
Histiocytic sarcoma 1 (2%)
Leukemia mononuclear 26 (52%) 25 (50%) 42 (84%) 34 (68%)
Mesothelioma malignant 1 (2%) 1 2%) 3 (6%)
Neoplasm Summary
Total animals with primary neoplasms 50 49 50 50
Total primary neoplasms 147 133 140 137
Total animals with benign neoplasms 50 48 47 48
Total benign neoplasms 96 90 85 78
Total animals with malignant neoplasms 35 33 45 44
Total malignant neoplasms 51 43 55 59
Total animals with metastatic neoplasms 1 1 2
Total metastatic neoplasms 1 1 2

a6 o w

Number of animals examined microscopically at site and number of animals with lesion.
Includes one animal killed moribund before the interim evaluation.

Number of animals with any tissue examined microscopically
Primary neoplasms: all neoplasms except metastatic neoplasms
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 0 ppm

Number of Days on Study
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Alimentary System

Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver
Mesentery

Histiocytic sarcoma
Pancreas

Histiocytic sarcoma

Acinar cell, adenoma
Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
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Cardiovascular System
Heart +++++F+ A+

Endocrine System
Adrenal gland +++++++++F++ o+
Adrenal gland, cortex +++++++++++++++++ + +
Adenoma
Adrenal gland, medulla + + + + + + + + + +
Pheochromocytoma malignant
Pheochromocytoma benign X X X X
Bilateral, pheochromocytoma malignant
Islets, pancreatic ++++++t+++++++ A+
Adenoma
Parathyroid gland +++++++F A+

>+
K4S
+ +

w o+

+ X+

+ M+ M

+: Tissue examined microscopically M: Missing tissue X: Lesion present
A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroaniscle: O ppm (continued)

Number of Days on Study 2 222222233333333333333333
88899999%900000111111111111
0000O0O0OO0O0OOOOOOOOOOO0OOOOOOOO0OO

. Carcass ID Number 0000O0O000O0O0O0OO0COO0OOOCODOOOOTI1IT1T11 Total
23 4445555666677 7889990000 Tissues/
553 4523452345345 45345234°%5 Tumors

Alimentary System

Esophagus +++++++++++++++F A+ + o+ 50
Intestine large +++++++++++++++++F+++F++++ 48
Intestine large, cecum ++++++++ R+ 48
Intestine large, colon ++++++++++++++++++++++ 4+ + + 48
Intestine large, rectum ++++++++++M+++++++ A+ + 46
Intestine small ++++++t+FF A A+ 49
Intestine small, duodenum +++++++++++++++ A+ +++ 49
Intestine small, ileum +++++++++++++++++++ A+ ++ 48
Intestine small, jejunum +++++H++ R+ 48
Liver ++++++++++ A+ 50
Mesentery + + + + + 10
Histiocytic sarcoma 1
Pancreas ++++++++ A+ 4 49
Histiocytic sarcoma 1
Acinar cell, adenoma X X X 5
Salivary glands ++++++++++++ A+ + 50
Stomach + 4+ ++++++ A+ 50
Stomach, forestomach +++++++++ A+ 50
Stomach, glandular ++++++++++++++++++F A+ A+ 50
Cardiovascular System
Heart +++++++++++ A+ + 50
Endocrine System
Adrenal gland + 4+ +++++++++++++++++4+++ 4+ 4+ + 49
Adrenal gland, cortex ++++++++++++++++M++++++++ 48
Adenoma X X 2
Adrenal gland, medulla ++++++++++++++ A+ A+ S+ 49
Pheochromocytoma malignant X X 4
Pheochromocytoma benign XX 7
Bilateral, pheochromocytoma malignant X X 2
Islets, pancreatic ++++++++++ A+ o+ 49
Adenoma 1

Parathyroid gland +++++++++++AMEEFF o+ 47
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole:

o-Nitroanisole, NTP TR 416

0 ppm (continued)

Number of Days on Study
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Endocrine System (continued)
Pituitary gland
Pars distalis, adenoma
Pars distalis, carcinoma
Thyroid gland
C-cell, adenoma
C-cell, carcinoma
Follicular cell, adenoma
Follicular cell, carcinoma

o+

»+

>+

» +

»+

General Body System
None

Genital System

Epididymis

Preputial gland
Adenoma
Carcinoma
Squamous cell carcinoma
Bilateral, adenoma
Bilateral, carcinoma

Prostate

Seminal vesicle

Testes
Leukemia mononuclear, multiple
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

+ 4+ +

++ 4+
++ +
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++ +

+ + +
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KX+ 4+

++ +
+ 4+ +
++ +
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++ +

++ +
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++ 4+

++ 4+
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Hematopoietic System

Bone marrow

Lymph node
Mediastinal, histiocytic sarcoma
Pancreatic, histiocytic sarcoma

Lymph node, mandibular

Lymph node, mesenteric
Histiocytic sarcoma

Spleen
Hemangiosarcoma

Thymus

XA+ XY+

+
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: O ppm (continued)
7771717717777 17171717177T17117171717
Number of Days on Study 22221222233333333333333333
8889999900000 111111111111
0000O0OOCOCOOOOOOO0OOOOOOOOOO0OOO
Carcass 1D Number 000O0O0OO0OO0COCOOOOOOOOOOOOOO0OTI1T1T11 Total
234445555¢6¢6¢6¢61777889990000 Tissues/
55345 23452345345 453452345%5 Tumors
Endocrine System (continued)
Pituitary gland ++++++++++++++++++++++++ + 50
Pars distalis, adenoma XXX X X XXX X 14
Pars distalis, carcinoma X 1
Thyroid gland ++++++++++++++++++++4+++ 4+ + 49
C-cell, adenoma X 1
C-cell, carcinoma X 1
Follicular cell, adenoma 1
Follicular cell, carcinoma X 1
General Body Syste
None .
Genital System
Epididymis +++++++++ A+ + 50
Preputial gland +++++++++++++++++++++++++ 50
Adenoma X X X 3
Carcinoma X X X X 6
Squamous cell carcinoma 2
Bilateral, adenoma 1
Bilateral, carcinoma X 1
Prostate ++++++++++++++++++++++ 4+ + + 50
Seminal vesicle ++++++++++++++++++F+++++++ 50
Testes ++++++ o+ 50
Leukemia mononuclear, multiple 1
Bilateral, interstitial cell, adenoma X XXX X X X XXXXX XXXXXXX 40
Interstitial cell, adenoma X X X X 8
Hematopoietic System
Bone marrow ++++++++++++++++++++++++ + 49
Lymph node ++++ 4+ ++++++++++++4+++++ 4+ 50
Mediastinal, histiocytic sarcoma 1
Pancreatic, histiocytic sarcoma 1
Lymph node, mandibular +++++++++++++++++++++ 4+ ++ 50
Lymph node, mesenteric +++F+++ A+ F o+ 49
Histiocytic sarcoma 1
Spleen +++++++++ A F A+ 50
Hemangiosarcoma X 1
Thymus +++++++++++++++ M+ M+ o+ 45
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole:

o-Nitroanisole, NTP TR 416

0 ppm (continued)

Number of Days on Study
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Integumentary System

Mammary gland
Fibroadenoma

Skin
Basal cell adenoma
Hemangioma

~ Keratoacanthoma
Squamous cell papilloma
Subcutaneous tissue, basal cell

carcinoma

Subcutaneous tissue, fibroma
Subcutaneous tissue, lipoma

»®+

+ X+

Musculoskeletal System
Bone

Nervous System
Brain
_ Astrocytoma malignant

x+

Respiratory System
Lung
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Pheochromocytoma malignant,

metastatic, multiple, adrenal gland

Nose

Lumen, endothelium, squamous cell

carcinoma
Trachea

>+

+

Special Senses System
Eye

Urinary System
Kidney
Urinary bladder

+ »

Systemic Lesions
Multiple organs
Histiocytic sarcoma
Leukemia mononuclear
Mesothelioma malignant

©K+
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroaniscle: O ppmn (continued)

7777171771777 7777177177717T7T717177177
Number of Days on Study 2222222233333333333333333
8 8899999000001 11111111111
0000O0OO0OOOOOOOOO0OOOOOCOOOOOOO
Carcass ID Number 0000O0O0OOGCOOOOOOCOOOCOOOOCOI1T1T11 Total
23 4445555666677 78289990000 Tissues/
5534523452 345345453452345%5 Tumors
Integumentary System
Mammary gland +M+++++++++++++++++++++ 4+ + 48
Fibroadenoma X X 3
Skin +++++++++++++++++++++ 4+ ++ + 50
Basal cell adenoma 1
Hemangioma X 1
Keratoacanthoma X X 3
Squamous cell papilloma X 1
Subcutaneous tissue, basal cell
carcinoma 1
Subcutaneous tissue, fibroma X 1
Subcutaneous tissue, lipoma X 1
Musculoskeletal System
Bone ++++++++ 4+ 50
Nervous System
Brain +++++++++++ A+ 50
Astrocytoma malignant 1
Respiratory System
Lung ++++++++++ A+ ++ 50
Alveolar/bronchiolar adenoma X 2
Alveolar/bronchiolar carcinoma X 1
Pheochromocytoma malignant,
metastatic, multiple, adrenal gland X 1
Nose ++++++++++ A+ 50
Lumen, endothelium, squamous cell
carcinoma 1
Trachea SR A T I O S S A A A e I A A A 50
Special Senses System
Eye 1
Urinary System
Kidney + + +++++++++++F++ o+ 49
Urinary bladder ++++++++++++ A+ 50
Systemic Lesions
Multiple organs +++++++++++FF 50
Histiocytic sarcoma 1
Leukemia mononuclear X X X X X X X XXXXXXX 26
Mesothelioma malignant 1
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm

Number of Days on Study 6 21558344445 8881222222222
331199812775 127988282889999
0000O0O0OOCOCOOOOOOOOOOOOOOOO0OO

Carcass ID Number 4 3433344434344 44333333333
6757781638195 630778828992909
11123112122123214523452345H5

Alimentary System

Esophagus ++++M++++++++++++F A+
Intestine large ++++A+++++FF+F A+ A+t
Intestine large, cecum ++++A++++++++F++A++++++++ +
Intestine large, colon + +++ A+ ++++F+++++FAFF A+ +
Intestine large, rectum ++++A+++++++ A+
Intestine small ++++A+++++++ A+ o+
Intestine small, duodenum ++++A++F+++ A+ F A+
Intestine small, ileum ++++A++++++++++A+F++++++++
Intestine small, jejunum + +++A++++++++F+ A+ ++FF A+ +
Liver + +++++++++++++F A+ o+
Hepatocellular carcinoma
Hepatocellular adenoma
Mesentery + + + +
Pancreas +++++++++++++++A++++4+++ 4+ +
Acinar cell, adenoma
Pharynx +
Palate, squamous cell papilloma X
Salivary glands +++++++++++++++++++++ 4+ +++
Stomach ++++++++++++++++++++++ 4+ + +
Stomach, forestomach +++++++++++++++++++++++++
Stomach, glandular + + ++++++++++++++++++++++ +
Tooth
Cardiovascular System
Heart +++++++++++F A+t
Endocrine System
Adrenal gland +++++++++++++++++++++++++
Adrenal gland, cortex ++++++++++++++++++++++++ +
Adrenal gland, medulla +++++++++++++++++++++++ ++
Pheochromocytoma malignant X
Pheochromocytoma benign X X X
Bilateral, pheochromocytoma benign X X
Islets, pancreatic +++++++++++++++A+++++4+++ 4+
Adenoma
Adenoma, multiple X
Parathyroid gland + +++M+++++++++++M++++++ + +
Pituitaxygland + ++++++++++++++++++++++++
Pars- distalis, adenoma XX X X X
Thyroid gland +++++++++++++++++++++++ 4+ +
C-cell, adenoma
C-cell, carcinoma X X

Follicular cell, carcinoma X




C-cell, carcinoma
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TABLE A2
Individual Animel Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitreanisole: 222 ppm (continued)
7717717177177 771771777777T7T71777177
Number of Days on Study 2233333333333333333333333
99111112222225555555515%5S5°¢+5
000000O0O0O0O0OOOOO0OOOO0OOOOOO0OO0OGOCOO
Carcass II) Number 4 4 4 4444444444444 444444444 Total
042333400011 122224445535©6°F¢6 Tissues/
2 2134513453452 345345345245%5 Tumors
Alimentary System
Esophagus ++++F+F+F+F R+ 49
Intestine large + ++++++++++FrF+E A+ 49
Intestine large, cecum ++++++++++++++++++++++++ + 48
Intestine large, colon +++++++++++++++++4++++++++ 48
Intestine large, rectum + ++++++++++++++++++++++++ 49
Intestine small ++++++++++++++++++++4+++++ 48
Intestine small, ducdenum + + + + + + + 4+ ++++++++++++++++ 47
Intestine small, ileum + + + + + + 4+ ++ 4+ ++++ A+ + 47
Intestine small, jejunum + + + + + +++++++++++++++++++ 47
Liver S I T T R i i S S S S S I T R o 50
Hepatocellular carcinoma X 1
Hepatocellular adenoma X X X 3
Mesentery + + + + + + + 11
Pancreas +++++ 4 49
Acinar cell, adenoma X X X 3
Pharynx 1
Palate, squamous cell papilloma 1
Salivary glands ++++++++++++++++++++++++ 4+ 50
Stomach ++++++++++++++++4+++++ 4+ ++ + 50
Stomach, forestomach + + + + +++++++++++++++++++++ 50
Stomach, glandular + + 4+ + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ ++ 49
Tooth + 1
Cardiovascular System
Heart ++++++++++++++++++++++++ + 50
Endocrine System
Adrenal gland ++++++ A+ 4+ 50
Adrenal gland, cortex ++++++F A+ o+ 50
Adrenal gland, medulla +++++ A+t 50
Pheochromocytoma malignant X X 3
Pheochromocytoma benign : X X 5
Bilateral, pheochromocytoma benign 2
Islets, pancreatic +++++++4++++++++++++++++++ 49
Adenoma X X X 3
Adenoma, multiple 1
Parathyroid gland + ++++++++M++M+++ 4+ +++4++ 4+ + + 46
Pituitary gland + 4+ ++++++++++++++++++++++ + 50
Pars distalis, adenoma XX X X X X 11
Thyroid gland +++++++++++++++++++++++++ 50
C-cell, adenoma X X 2
2
1

Follicular cell, carcinoma
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole:

o-Nitroanisole, NTP TR 416

222 ppm (continued)

0455556666666 6¢6777777171777
Number of Days on Study 6 2155834444588 81222222222
331199812775 127988282889999
000O0O0OOOOOOOOOOOOOOOGCOODOOOO
Carcass ID Number 4 3433344434344 44333333333
6 75778163819563077888992909
11123112122123214534523243H5
General Body System
None
Genital System
Epididymis ++++++++++++ A+ + o+
Preputial gland +++++++++++++++++F A+ ++
Carcinoma X
Prostate +++++++++++++ A+t
Sarcoma
Seminal vesicle ++++++++++++++4++++++ 4+ + +
Testes + + 4+ +++++++++++++++++++++ +
Bilateral, interstitial cell, adenoma X XXXXXXXXXXXX XXX
Interstitial cell, adenoma XXX X
Hematopoietic System
Blood +
Bone marrow + 4+ ++++++++++++++++++++ 4+ + +
Lymph node ++++F+F++F+++F+ A+
Lymph node, mandibular ++++++++++++++++++++++++ +
Lymph node, mesenteric + ++++++++++++ + + + + + + 4+ + + + +
Spleen + + ++A+++++++++++++++++++ +
Thymus +++++++++++++++M+++++++++
Thymoma benign
Integumentary System
Mammary gland +++++++++++++++++++++++M+
Adenoma X
Fibroadenoma
Skin + + ++++++++++++++++++4+++ 4+ +
Basosquamous tumor benign
Keratoacanthoma
Squamous cell papilloma
Sebaceous gland, carcinoma X
Subcutaneous tissue, fibroma X X
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, schwannoma
malignant X




Subcutaneous tissue, schwannoma
malignant
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TABLE A2 )
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm (continued)
777717171717 117717177711T71T171777777T7T7T7
Number of Days on Study 22333333333333333333333133
99111112222225555555525%557:5
000000O0O0CO0OOOOOOOOOOOOOOOOO
Carcass [D Number 4 4 44444444 444 444444444444 Total
0423334000111 2222444555@6F¢6 Tissues/
2213451345345 234534513454°%5 Tumors
General Body System
None
Genital System
Epididymis +++++++++++++++++++4+ 4+ ++ 4+ + 50
Preputial gland ++++++++++++++++++++++++ 4+ 50
Carcinoma X X X 4
Prostate ++++++++++++++++++4+++++ 4+ + 50
Sarcoma X 1
Seminal vesicle +++++++++++ A+ 50
Testes ++++++++++++++++ A+t 50
Bilateral, interstitial cell, adenoma XXXXXXXXXXX XXXXX X XXXXX 38
Interstitial cell, adenoma X X X 7
Hematopoietic System
Blood 1
Bone marrow +++++++F A+t 50
Lymph node +++++++++++++F++F A+ + 50
Lymph node, mandibular ++++++++++++ M+ + + + + 4+ + + + + + 48
Lymph node, mesenteric +++ +++++++ A+ 48
Spleen ++++++++++FFF A+ + 49
Thymus ++++++++++++++++++ A+ ++M 48
Thymoma benign X 1
Integumentary System
Mammary gland ++++t++++++++++F T+ 49
Adenoma 1
Fibroadenoma X 1
Skin ++++++ A+ 50
Basosquamous tumor benign X 1
Keratoacanthoma X 1
Squamous cell papilloma X 1
Sebaceous gland, carcinoma 1
Subcutaneous tissue, fibroma X 3
Subcutaneous tissue, fibrosarcoma 1

f=3
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm (continued)

Number of Days on Study 6 21558344445 8881222222222:2
331199812775 127988882899929
0000O0OO0OOOOOOOOOOOOOOOOOTOCODO

Carcass ID Number 4 3 4333444343444 43333333233
6 7577816381956 3077888992929
1112311212212321453452345%5

Musculoskeletal System

Bone . + 4+ +++++FF A+
Femur, chondroma X
Tibia, chondroma X
Nervous System
Brain +++++++++++++F o+
Respiratory System
Lung + +++++++++ A+ + o+
Alveolar/bronchiolar adenoma X

Alveolar/bronchiolar carcinoma X
Nose A T S T i S i s s i T S S P S A T
Respiratory epithelium, squamous cell
carcinoma X
Trachea +++++++++ A+ o+

Special Senses System
Eye +
Zymbal’s gland
Carcinoma

Urinary System

Kidney ++++++++++F+++++ A+ +
Renal tubule, adenoma ’
Urinary bladder +++++++++F++ A+

Systemic Lesions
Multiple organs -+
Leukemia mononuclear

o+
Y+
»+
"+
¥+
X+
-
b
X +
» +
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm (continued)

Number of Days on Study 2233333333333333333333333
99111112222225555%55551535157:5
0000O0O0OO0OO0OO0OOOOOOOOOOOOOOOOO

Carcass ID Number 4 4 4 4 4 44 44444444444 44444414 Total
04233340001 11222244452515246F¢6 Tissues/
2213451345345 2345345345243%5 Tumors

Mousculoskeletal System

Bone ++++++++++++ A+ 50

Femur, chondroma 1

Tibia, chondroma 1
Nervous System

Brain ++++++++++F+F o+ 50
Respiratory System

Lung + ++++++++++++ A+ 50

Alveolar/bronchiolar adenoma X 2

Alveolar/bronchiolar carcinoma 1

Nose +++++++++ A+ + o+ 50

Respiratory epithelium, squamous cell

carcinoma 1

Trachea ++++++++++F R+ 50
Special Senses System

Eye 1

Zymbal’s gland + 1

Carcinoma X 1
Urinary System

Kidney +++++++ A F o+ 50

Renal tubule, adenoma X 1

Urinary bladder ++++++++ o+ 50
Systemic Lesions

Multiple organs +++++++++++FF+F+++++++++++++ 50

Leukemia mononuclear XX XXX X X X X X X XX X X 25
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o-Nitroanisole, NTP TR 416

TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 666 ppm
4 5555666666 6666666 6666 77
Number of Days on Study 33559033444456¢6¢6678889112
7378642716067 7777993675¢6282
000O0OO0OOCOOOOOCOOOOOO0OOOOOO0OOO0OO
Carcass ID Number 2322332323322222223322323
818701735049666¢6581477392
1121122112111234233234221
Alimentary System
Esophagus +++++++++H+ o+
Intestine large +++++++++++++++++++++++ 4+ +
Intestine large, cecum A+ ++++++++++++++4+++++++ 4+ +
Intestine large, colon ++++++++++++++++4+++++++ 4+ +
Intestine large, rectum ++++++++++++++++++++ 4+ ++ 4+ +
Intestine small +++++++++++++++++++++++++
Intestine small, duodenum + +++++++++++++++ A+ +
Intestine small, ileum A+ +A++++++++++++++++++++ +
Intestine small, jejunum A+ +A+++++++++++++++++++ + +
Liver + + ++++++++++++++++++++++ +
Hepatocellular adenoma
Mesentery + + +
Pancreas ++++++++++++++++4+++++++ 4+ +
Salivary glands ++++++++++++++++++++++++ +
Stomach ++++++++++++++++++++++ 4+ 4+ +
Stomach, forestomach + 4+ ++ 4+ ++++++++++++++++++++
Squamous cell carcinoma
Squamous cell papilloma
Stomach, glandular +++++++++++++++++++++++ + +
Cardiovascular System
Heart ++++++++++++++++++4+4++++ 4+ +
Schwannoma benign
Endocrine System
Adrenal gland + +++++++++++++++++++++++ +
Adrenal gland, cortex +++++++++++++++++++++F++ + +
Adenoma
Adrenal gland, medulla + ++++++++++++++++++++++ + +
Pheochromocytoma malignant X
Pheochromocytoma benign X X X X
Islets, pancreatic +++++++++++++++++++++ + + +
Adenoma X X X
Mixed tumor benign X X
Parathyroid gland +++++++++++++++ M+
Adenoma .
Pituitary gland ++ 4+ ++++++ A+
Pars distalis, adenoma X X X X
Pars distalis, carcinoma X
Thyroid gland +++++ o+
C-cell, adenoma X X
Follicular cell, carcinoma X
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 666 ppm (continued)

Number of Days on Study 2222222222233333333333333
299999999991 111122222553%5S°+5
000O0O0OO0OOOOOOO0OOOO0OOOOO0OOOOO0OO0OQO

Carcass [D) Number 3222222222233333333333333 Total
35556788999 000112222332424314 Tissues/
334555453453 4545234545234%5 Tumors

Alimentary System

Esophagus ++++++++ A+ A+ 50
Intestine large +++++ A+ 50
Intestine large, cecum +++++++++++ A+ 49
Intestine large, colon ++++++++++++ 50
Intestine large, rectum ++++++++ 4+ ++ A+ + 50
Intestine small +++++++++ A+ 50
Intestine small, ducdenum ++++++++++++++++++F+F+FF+++ 50
Intestine small, ileum ++++++++++ A+ o+ 48
Intestine small, jejunum ++++++++++++++++++++ A+ ++ 48
Liver ++++++++++H A+t 50
Hepatocellular adenoma X 1
Mesentery + + 5
Pancreas +++++++++++ A+ 4+ 50
Salivary glands +++++++++++++4+++++++++++ 4+ 50
Stomach ++++++++++++ A+ 50
Stomach, forestomach + + + 4+ + 4+ ++ ++++++++4+++++++++ 50
Squamous cell carcinoma X 1
Squamous cell papilloma X 1
Stomach, glandular ++++++++ A+ + 4 50
Cardiovascular System
Heart ++++++t++ A+ 50
Schwannoma benign X 1
Endocrine System
Adrenal gland ++++++t+F A A+ 4+ 50
Adrenal gland, cortex ++++++ A+t 50
Adenoma X 1
Adrenal gland, medulla +++++++F++F++ A+ A+ 50
Pheochromocytoma malignant X 2
Pheochromocytoma benign X X X X 8
Islets, pancreatic +++++ 4+ ++++++++++++++++++ + 50
Adenoma X ‘ 4
Mixed tumor benign - 2
Parathyroid gland M+++++++++++++++++++++M++ 47
Adenoma X 1
Pituitary gland ++++++++++M++++++++++++++ 49
Pars distalis, adenoma X X X X X 9
Pars distalis, carcinoma 1
Thyroid gland +++++++ AR+ o+ 50
C-cell, adenoma 2

Follicular cell, carcinoma X 2
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole:

o-Nitroanisole, NTP TR 416

666 ppm (continued)

4 5555666666666 ¢66¢66¢66¢66¢6 7177
Number of Days on Study 3355903344445¢6266¢678889112
73786 4271667777799 3¢67 6 8 2
000000000O0OO0OO0OO0OO0OOODOOOOCOOOOO
Carcass ID Number 2322332323322222223322323
818701735049¢666¢65181477392
11211221121112342332134221
General Body System
None
Genital System
Coagulating gland
Epididymis +++++++++++F++F+F 4+
Preputial gland ++++++++++++F+ A F T+
Adenoma
Carcinoma X X
Prostate +++++++++++++F+ A+ ++
Seminal vesicle ++++++++++++++++++++++++F
Testes ++ ++++++F+F+F A+ o+
Bilateral, interstitial cell, adenoma XXXXXXXXXXX XXX XXXX
Interstitial cell, adenoma X X
Hematopoietic System
Blood
Bone marrow +++++++++++ A+
Lymph node + ++++++++++++++ 4+
Lymph node, mandibular +++++++++++++F++++++++ 4
Lymph node, mesenteric +++++++++++++F+ A+
Spleen +++++++F+HF A+
Thymus M+M+M+++++++MM+M+ ++ ++ + + + +
Integumentary System
Mammary gland ++++++++++M+++++M++++ 4+ + + +
Fibroadenoma X
Skin +++++++++++F+FF A+
Squamous cell papilloma X
Subcutaneous tissue, fibroma X
Musculoskeletal System '
Bone +++++++F+++++ A+
Cranium, osteoma X
Nervous System
Brain +++++++++++F A+ 4+
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TABLE A2

Individual Animal Tumeor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole:

115

666 ppm (continued)

7771771771717 71717771777177177717777771T777717
Number of Days on Study 2222222222233333333333333
299999999991 11112222253%535S$5
00000O0O0OO0O0O0O0OOO0OO0O0OO0OO0OOCOCOO0OOO0OO0
Carcass [D Number 3222222222233333333333333 Total
35556788999 000112222332424314 Tissues/
334555453453 4545234545134°%5 Tumors
General Body System
None
Genital System
Coagulating gland + 1
Epididymis ++++++++++++++++++++++++ + 50
Preputial gland ++++++++++++++++++++++++ + 50
Adenoma X 1
Carcinoma X 3
Prostate + ++++++ AT+ 50
Seminal vesicle ++++++++++++++++++++++++ 4+ 50
Testes ++++++++++ A+ A+ o+ 50
Bilateral, interstitial cell, adenoma X X X X X X XXX X X X X X XX XX 36
Interstitial cell, adenoma X X X X X X X 9
Hematopoietic System
Blood + 1
Bone marrow ++++++++++++++++++++++++ + 50
Lymph node +++++++++++++ o+ 50
Lymph node, mandibular ++++++++++F A+ 50
Lymph node, mesenteric +++++++++++++M+++++++++++ 49
Spleen + 4+ +++++++ 4 50
Thymus ++++M+++++++M+++++++++++ 4+ 42
Integumentary System
Mammary gland + ++++++++++++ M+ A+ 47
Fibroadenoma X 2
Skin +++++++t+++ A+ 50
Squamous cell papilloma 1
Subcutaneous tissue, fibroma X 2
Musculoskeletal System
Bone +++++++++++++++++++++++++ 50
Cranijum, osteoma 1
Nervous System ‘
Brain ++++++++++++++++++++++++ + 50
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TABLE A2 :
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 666 ppm (continued)

4 555566 66666666666 6666 77
Number of Days on Study 3355903344445¢6¢66¢6 78889112
737864271667 77779936175¢682
000000O0O0O0O0OOCOOOO0OCOO0O0OO0O0GOO0O0
Carcass ID Number 23223323233222222233221323
8187017350496¢666581477392
1121122112111234233234221

Respiratory System
Lung ++ 4+ +++++F+F A F A+
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Carcinoma, metastatic, thyroid gland

Nose ++++++++++++++++ A+ A+
Respiratory epithelium, squamous cell

carcinoma X

Trachea +++++++++++++F+ A+ 4

Special Senses System
Ear
Pinna, schwannoma malignant
Eye

+ X+

Urinary System
Kidney ++++++++++++++ A+ +
Renal tubule, adenoma :
Urinary bladder ++++++++++++++++++F++++ A+ ++

Systemic Lesions
Muttiple organs
Leukemia mononuclear
Mesothelioma malignant

>+
* +
%+
>+
%+
"+
®+
» +
®+
>+
¥+
X+
%+
X+
%+
»+
”+
»+
%+
X+
»+
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of ¢-Nitroanisole: ¢66 ppm (continued)
7771771771177 7171717171717771717171777T7T17177177
Number of Days on Study 2222222222233333333333333
299999999991 11112222255%5S
000000O0COCOOO0OO0OOO0OO0OOOOO0COOOOO0OOQ
Carcass ID Number 3222222222233333333333333 Total
355567889990001122223324434 Tissues/
334555453453 4545234545345 Tumers
Respiratory System
Lung ++++++++++++++ 50
Alveolar/bronchiolar adenoma X X 2
Alveolar/bronchiolar carcinoma X 1
Carcinoma, metastatic, thyroid gland X 1
Nose ++++++++++ A+ 50
Respiratory epithelium, squamous cell
carcinoma 1
Trachea +++++++ A+ 50
Special Senses System
Ear 1
Pinna, schwannoma malignant 1
Eye + 2
Urinary System
Kidney +++++++ A+ 50
Renal tubule, adenoma X 1
Urinary bladder ++++++++++++++++ A+ 50
Systemic Lesions
Multiple organs +++++++++++++++++++++++ + 4+ 50
Leukemia mononuclear X X XXXXXXX XXXXXX XXXXXX 42
Mesothelioma malignant X 1
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 2,000 ppm

Number of Days on Study 8901112566888 0012333332444
1121889413999 44312222312%
0000O0O0OOOOOOOOOOOOOOOOOOO0OO0OO O

Carcass ID Number 1121111212111222111122111
5592633508147 8122¢64991147G%
1111152111112 223222334323

Alimentary System

Esophagus + + 4+ +++++ A F A F A+

Intestine large ++A+++++++++ A+ F

Intestine large, cecum ++A+++++++++++++A+++++ ++ +

Intestine large, colon ++A+++++++++++++A++++++ 4+ +

Intestine large, rectum ++A+++++++++++++++++++ 4+ 4+ +

Intestine small ++A+ ++++++++HF A FAE o+

Intestine small, duodenum ++ A+ ++++++++++++A+ A+ ++++ 4+ +

Intestine small, ileum A+A+++++++++++++A+++++4++ 4+

Intestine small, jejunum ++ A+ ++++++++++++A++ A+ + 4+ ++

Adenocarcinoma ' X :

Liver ++++++++++++++++++++++++ +

Hepatocellular adenoma X

Hepatocellular adenoma, multiple

Mesentery + + + +

Pancreas ++A+++++++++F++++FA+F++H++++H+

Carcinoma, metastatic

Acinar cell, adenoma X

Salivary glands +++++++++++++++++++++++++

Stomach +++++++++++++++4+++++++++ +

Stomach, forestomach +++++++++++++++++++++++++

Squamous cell carcinoma '

Squamous cell papilloma

Stomach, glandular ++++++++++++++++++++++ 4+ ++
Cardiovascular System

Blood vessel

Heart + +++++++++++++++++++++ + + +
Endocrine System

Adrenal gland ++A+++++++++++++++++++ 4+ 4+ +

Adrenal gland, cortex ++A+++++++++++++++++++++ 4+

Adrenal gland, medulla + + A+ +++++++++++++++++++++

Pheochromocytoma benign X X

Bilateral, pheochromocytoma benign

Islets, pancreatic + + A+ ++++++++++++A+++++++ +

Adenoma X

Mixed tumor benign

Parathyroid gland . ++++++++++++++++++++M++ + +

Adenoma

Pituitary gland M+ ++++++++++++++++++++++ +

Pars distalis, adenoma ' X X X
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisele: 2,000 ppm (continued)

6 6 6 6 6666 6 666666 777177111717
Number of Days on Study 4 5556668888999 91222223333
6 55 379667757795 899990000
0000O0O0OO0OO0CO0OO0OOOOOO0OO0OOOOO0OOOO
Carcass 1D Number t1112111121211111211121122 Total
7380367620829 44532557089°01 Tissues/
323234453444 4534545545155°5 Tumors
Alimentary System
Esophagus ++++++++F A F o+ 50
Intestine large ++++++++++++++++++++++++ + 49
Intestine large, cecum + +++++++++++++++A++++++++ 47
Intestine large, colon + ++++++++++++++++++++++++ 48
Intestine large, rectum +++++++++++++++ A+t 49
Intestine small ++++++++++++++++++++++++ + 48
Intestine small, ducdenum ++++++++++++++++A+++++ 4+ + 47
Intestine small, ileum + 4+ ++++F+ A+ 46
Intestine small, jejunum + ++++++++FF+FFF A+ 48
Adenocarcinoma 1
Liver ++++++++++++++++FF A+ 50
Hepatocellular adenoma 1
Hepatocellular adenoma, multiple - X 1
Mesentery + + + + + 9
Pancreas ++++++ A+ 48
Carcinoma, metastatic X 1
Acinar cell, adenoma X X X 4
Salivary glands +++++++++++++++++++++++++ 50
Stomach +++++++++++++++++++++++++ 50
Stomach, forestomach + + ++ + 4+ ++++++F+FFFFF A+ + 50
Squamous cell carcinoma X 1
Squamous cell papilloma X 1
Stomach, glandular ++++++++++++++++++++++++ 4+ 50
Cardiovascular System
Blood vessel + 1
Heart ++ 4+ ++++ R+ o+ o+ 50
Endocrine System
Adrenal gland ++++++++ A+ o+ 49
Adrenal gland, cortex + ++++++++++ o+ 49
Adrenal gland, medulla ++++++++++++++++++++++++ + 49
Pheochromocytoma benign X X XX XXX 9
Bilateral, pheochromocytoma benign X 1
Islets, pancreatic ++++++++++++ A+ + 48
Adenoma X 2
Mixed tumor benign : X 1
Parathyroid gland ++++++++++++++++ M+ 4 48
Adenoma X 1
Pituitary gland +++++++++++++++F A+ + 49
Pars distalis, adenoma X 4
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole: 2,000 ppm (continued)

4 455555555555 6¢666666 664666

Number of Days on Study 890 112566888001 2333334434
112188941399 294 312222 126
00000O0O0OO0O0OO0OO0OOO0OOODOOOOODOOOOOOD O

Carcass ID Number 1121111212111222111122111
5926335081478 122¢649911476%6
1111152111112223222334323

Endocrine System (continued)

Thyroidgland ++ +++++++++++++++++++++ + +
C-cell, carcinoma X
Follicular cell, adenoma X
General Body System
None
Genital System
Epididymis +++++++ A FF A+
Preputial gland ++++++++++++++4++++++++ +
Adenoma
Carcinoma X X X
Prostate + + 4+ +++++++++++++++++++++ +
Seminal vesicle +++++++++++++++++++++++++
Testes + + ++ +++++++++++++++++++ 4+ +
Bilateral, interstitial cell, adenoma X X X X X X X X XXXX X
Interstitial cell, adenoma X X X X X X X
Hematopoietic System
Bone marrow + + A+ +++++++++++++++++++++
Lymphnode + +++++++++++++++++++++++ +
Lymph node, mandibular + +++++++++++++++++ A+ ++
Lymphnode,mmcmeric + 4+ + + + + + + 4+ +++++++++++ 4+ + + +
Spleen ++++++++++++++++++++++ 4+ + +
Carcinoma, metastatic, harderian gland
Hemangiosarcoma X
Sarcoma
Thymus : M+ ++++++++++++++++++M++ + +

Integumentary System .

Mammary gland +++++++++++++++++++++ S+
Fibroadenoma

Skin + ++++++++H++++++++++++++++
Basal cell carcinoma

Keratoacanthoma X

Subcutaneous tissue, fibroma
Subcutaneous tissue, myxosarcoma




Lesions in Male Rats

TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of o-Nitroanisole:

121

2,000 ppm (continued)

6 6 6 666 666 6666667777777 77T17
Number of Days on Study 4 5556668888999 91222223333
6 55837966775 7795899990100100
00000O0OO0O0OO0OO0O0OO0OOO0OOOO0OOOOGOOOO
Carcass ID Number 1112111121211111211121122 Total
7380367608294 4532557¢089°01 Tissues/
323234453444 453454554515757%5 Tumors
Endocrine System (continued)
Thyroid gland + + + + 4+ ++ 4+ ++++++++++++++ 4+ 4+ + 50
C-cell, carcinoma 1
Follicular cell, adenoma 1
General Bedy System
None
Genital System
Epididymis +++++++++++++F A+t 50
Preputial gland ++++++++++++++M+++ 4+ + + + + + 49
Adenoma X 1
Carcinoma X X X X X 8
Prostate ++++++++++++ o+ 50
Seminal vesicle +++++++++++++++++++++F+++ 50
Testes +++++++++++ A F A+ 50
Bilateral, interstitial cell, adenoma XXXXXX X XXX XXXXXXXXXXXX 35
Interstitial cell, adenoma X X X 10
Hematopoietic System
Bone marrow I R I T i R A A A e 49
Lymph node ++++++++++ A+t 50
Lymph node, mandibular ++++++++++++++++ A+ 50
Lymph node, mesenteric ++++++++++++M+++++++++ 4+ + + 48
Spleen ++++++++ o+ 50
Carcinoma, metastatic, harderian gland X 1
Hemangiosarcoma X 2
Sarcoma X 1
Thymus ++ 4+ ++++++++++++ M+ 47
Integumentary System
Mammary gland +++++++++++++++4+++++ 4+ 4+ 4+ + + 50
Fibroadenoma X 1
Skin ++++++ A+ 50
Basal cell carcinoma X 1
Keratoacanthoma X 2
Subcutaneous tissue, fibroma X 1
Subcutaneous tissue, myxosarcoma X 1
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TABLE A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole

0 ppm 222 ppm 666 ppm "~ 2,000 ppm

Adrenal Medulla: Benign Pheochromocytoma

Overall rates® 7/49 (14%) 7/50 (14%) 8/50 (16%) 10/49 (20%)
Adjusted rates® 18.9% 20.6% 25.8% 73.0%
Terminal rates® 3/31 (10%) 734 (21%) 3/24 (13%) 6/9 (67%)
First incidence d(days) 669 728 (T) 604 613
Life table tests' P<0.001 P=0.563N P=0.352 P=0.003
Logistic regression testsd P=0.024 P=0.602N P=0.496 P=0.050
Cochran-Armitage testd P=0.212
Fisher exact test P=0.597N P=0.517 - P=0.297
Adrenal Medulla: Malignant Pheochromocytoma
Overall rates 6/49 (12%) 3/50 (6%) 2/50 (4%) 0/49 (0%)
Adjusted rates 18.2% 8.4% 1.7% 0.0%
Terminal rates 5/31 (16%) 2/34 (6%) 1724 (4%) 09 (0%)
First incidence (days) 669 682 718 =€
Life table tests P=0.119N P=0.213N P=0.224N P=0.173N
Logistic regression tesis ' P=0.057N P=0.229N P=0.164N P=0.094N
Cochran-Armitage test P=0.018N :
Fisher exact test _ P=0.233N P=0.128N P=0.013N
Adrenal Medulla: Pheochromocytoma (Benign or Malignant)
Overall rates 12/49 (24%) 10/50 (20%) 10/50 (20%) 10/49 (20%)
Adjusted rates 322% 28.5% 31.9% 73.0%

- Terminal rates 7/31 (23%) 9/34 (26%) 424 (17%) 6/9 (67%)
First incidence (days) 669 682 604 613
Life table tests P=0.007 P=0.346N P=0.568 P=0.030
Logistic regression tests P=0.187 P=0.385N P=0.429N P=0.276
Cochran-Armitage test P=0.441N
Fisher exact test P=0.384N P=0.384N P=0.405N
Kidney (Renal Tubule): Adenoma or Carcinoma
Overall rates - 0/49 (0%) 1/50 (2%) 1/50 (2%) 3/49 (6%)
Adjusted rates 0.0% 29% 4.2% 21.9%
Terminal rates 0/32 (0%) 1/34 (3%) 1724 (4%) 19 (11%)
First incidence (days) - 728 (T) 728 (T) 663
Life table tests P=0.001 P=0.512 P=0.443 P=0.016
Logistic regression tests P=0.011 P=0.512 P=0.443 P=0.048
Cochran-Armitage test P=0.062
Fisher exact test P=0.505 P=0.505 P=0.121
Liver: Hepatocellular Adenoma
Overall rates 0/50 (0%) 3/50 (6%) 1/50 (2%) 2/50 (4%)
Adjusted rates 0.0% 8.8% 4.2% 124%
Terminal rates 0/32 (0%) 3/34 (9%) 1/24 (4%) 09 (0%)
First incidence (days) - 728 (T) 728 (T) 604
Life table tests . P=0.096 P=0.131 P=0443 P=0.106
Logistic regression tests P=0.258 P=0.131 P=0.443 P=0.237

Cochran-Armitage test P=0.429
Fisher exact test P=0.121 P=0.500 P=0.247
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TABLE A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)
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0 ppm 222 ppm 666 ppm 2,080 ppm
Liver: Hepatocellular Adencma or Carcimoma
Overall rates 0/50 (0%) 4/50 (8%) 1/50 (2%) 2/50 (4%)
Adjusted rates 0.0% 11.8% 42% 12.4%
Terminal rates 0/32 (0%) 4/34 (12%) 1/24 (4%) 09 (0%)
First incidence (days) - 728 (T) 728 (T) 604
Life table tests P=0.137 P=0.070 P=0.443 P=0.10%
Logistic regression tests P=0.321 P=0.070 P=0.443 P=0.237
Cochran-Armitage test P=0.533
Fisher exact test P=0.059 P=0.500 P=0.247
Lung: Alveolar/bronchiolar Adenoma or Carcinoma
Overall rates 3/50 (6%) 3/50 (6%) 3/50 (6%) 0/50 (0%)
Adjusted rates 82% 8.4% 12.5% 0.0%
Terminal rates 2/32 (6%) 2/34 (6%) 3/24 (13%) 0/9 (0%)
First incidence (days) 496 681 728 (T) -
Life table tests P=0.313N P=0.640N P=0.548 P=0.285N
Logistic regression tests P=0.112N P=0.658N P=0.663N P=0.076N
Cochran-Armitage test ‘ P=0.082N
Fisher exact test P=0.661N P=0.661N P=0.121N
Mammary Gland: Fibroadenoma
Overall rates 3/50 (6%) 1/50 (2%) 2/50 (4%) 1/50 (2%)
Adjusted rates 9.1% 2.9% 6.3% 1.1%
Terminal rates 2/32 (6%) 1/34 3%) 1724 (4%) 03 (0%)
First incidence (days) 716 728 (T) 632 697
Life table tests P=0.586 P=0.285N P=0.590N P=0.698
Logistic regression tests P=0.527N P=0.292N P=0.525N P=0.626N
Cochran-Armitage test P=0.340N
Fisher exact test P=0.309N P=0.500N P=0.309N
Mammary Gland: Fibroadenoma or Aderoma
Overall rates 3/50 (6%) 2/50 (4%) 2/50 (4%) 1/50 (2%)
Adjusted rates 9.1% 5.9% 6.3% 1.7%
Terminal rates . 2/32 (6%) 2/34 (6%) 1/24 (4%) 0/9 (0%)
First incidence (days) 716 728 (T) 632 697
Life table tests P=0.627 P=0473N P=0.530N P=0.698
Logistic regression tests P=0471N P=0.484N P=0.525N P=0.626N
Cochran-Armitage test i P=0.268N
Fisher exact test P=0.5C0N P=0.560N P=0.309N
Pancreas: Adenoma :
Overall rates 5/49 (10%) 3/49 (6%) 0/50 (0%) 5/48 (10%)
Adjusted rates 15.6% 8.8% 0.0% 33.4%
Terminal rates 5/32 (16%) 3/34 (9%) 0/24 (0%) 19 (11%)
First incidence (days) 728 (T) 728 (T) - 613
Life table tests P=0.021 P=0.321N P=0.062N P=0.070
Logistic regression tests P=0.111 P=0.321N P=0.062N P=0.239
Cochran-Armitage test P=0.397

Fisher exact test P=0.357N P=0.027N P=0.617
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TABLE A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
Pancreatic Islets: Adenoma
Overall rates 1/49 (2%) 4/49 (8%) 4/50 (8%) 2/48 (4%)
Adjusted rates 31% 11.8% 11.9% 5.9%
Terminal rates 1/32 (3%) 4/34 (12%) 1/24 (4%) 09 (0%)
First incidence (days) 728 (T) 728 (T) 596 518
Life table tests- P=0.257 P=0.197 P=0.140 P=0.307
Logistic regression tests P=0.582N P=0.197 P=0.190 P=0.620
Cochran-Armitage test P=0.556N
Fisher exact test P=0.181 P=0.187 P=0.492
Pituitary Gland (Pars Distalis): Adenoma
Overall rates 14/50 (28%) 11/50 (22%) 9/49 (18%) 4/49 (8%)
Adjusted rates 38.3% 29.8% 30.0% 17.0%
Terminal rates 10/32 (31%) 9/34 (26%) 5/23 (22%) 09 (0%)
First incidence (days) 613 638 557 518
Life table tests P=0.404N P=0.279N P=0.405N P=0.387N
Logistic regression tests P=0.029N P=0.331N P=0.218N P=0.037N
Cochran-Armitage test P=0.009N
Fisher exact test P=0.322N P=0.185N P=0.010N

Pituitary Gland (Pars Distalis): Adenoma or Carcinoma

Overall rates 15/50 (30%) 11/50 (22%) 10/49 (20%) 4/49 (8%)
Adjusted rates 41.1% 29.8% 32.5% 17.0%
Terminal rates 11732 (34%) 9/34 (26%) 5723 (22%) 09 (0%)
First incidence (days) 613 638 557 518

Life table tests P=0.387N P=0.209N P=0.430N P=0.342N
Logistic regression tests P=0.025N P=0.253N P=0.234N P=0.027N
Cochran-Armitage test P=0.007N

Fisher exact test P=0.247TN P=0.193N P=0.005N
Preputial Gland: Adenoma

Overall rates 4/50 (8%) 0/50 (0%) 1/50 (2%) 1/49 (2%)
Adjusted rates 11.3% 0.0% 4.2% 5.6%
Terminal rates 3/32 (9%) 0/34 (0%) 1/24 (4%) 0/9 (0%)
First incidence (days) 603 - 728 (T) 686

Life table tests P=0.620N P=0.060N P=0.257N P=0.523N
Logistic regression tests ) P=0.404N P=0.064N P=0.191N P=0.297N
Cochran-Armitage test P=0.303N

Fisher exact test P=0.059N P=0.181N P=0.187N

Preputial Gland: Carcinoma

Overall rates 7/50 (14%) 4/50 (8%) 3/50 (6%) 8/49 (16%)
Adjusted rates 19.4% 11.8% 8.8% 451%
Terminal rates 5132 (16%) 434 (12%) 1/24 (4%) 39 (33%)
First incidence (days) 599 728 (T) 596 518

Life table tests P=0.005 P=0.242N P=0.261N P=0.038
Logistic regression tests P=0.168 P=0.267TN P=0.158N P=0.372
Cochran-Armitage test P=0.234

Fisher exact test ‘P=0.262N P=0.159N P=0.483
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Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)
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0 ppm 222 ppm 666 ppm 2,080 ppm
Preputial Glapd: Adenoma or Carcinoma
Overall rates 11/50 (22%) 4/50 (8%) 4/50 (8%) 9/49 (18%)
Adjusted rates 29.9% 11.8% 12.7% 48.1%
Terminal rates 8/32 (25%) 4/34 (12%) 2/24 (8%) 309 (33%)
First incidence (days) 599 728 (T) 596 518
Life table tests P=0.012 P=0.041N P=0.114N P=0.091
Logistic regression tests P=0.289 P=0.049N P=0.048N P=0.605N
Cochran-Armitage test P=0411
Fisher exact test P=0.045N P=0.045N P=0.421N
Skin: Keratcacanthoma
Overall rates 3/50 (6%) 1/50 (2%) 0/50 (0%) 2/50 (4%)
Adjusted rates 8.9% 2.9% 0.0% 10.0%
Terminal rates 2/32 (6%) 1/34 (3%) 0/24 (0%) 0/9 (0%)
First incidence (days) 695 728 (T) - 632
Life table tests P=0.324 P=0.290N P=0.171N P=0.478
Logistic regression tests P=0.547 P=0.302N P=0.139N P=0.681N
Cochran-Armitage test P=0.617N
Fisher exact test P=0.309N P=0.121N P=0.560N
Skin: Squamous Cell Papilloma, Keratoacanthoma, or Basal Cell Adenoma or Carcinoma
Overall rates 6/50 (12%) 2/50 (4%) 1/50 (2%) 3/50 (6%)
Adjusted rates 16.8% 5.9% 3.8% 20.0%
Terminal rates 4/32 (13%) 2/34 (6%) 0/24 (0%) 19 (11%)
First incidence (days) 603 728 (T) 722 632
Life table tests P=0.347 P=0.125N P=0.106N P=0515
Logistic regression tests P=0.576N P=0.138N P=0.065N P=0.452N
Cochran-Armitage test P=0.367N
Fisher exact test P=0.134N P=0.056N P=0.243N
Skin (Subcutaneous Tissue): Fibroma
Overall rates 1/50 (2%) 3/50 (6%) 2/50 (4%) 1/50 (2%)
Adjusted rates 31% 8.0% 6.3% 71%
Terminal rates 1/32 (3%) 2/34 (6%) 1/24 (4%) 09 (0%)
First incidence (days) 728 (T) 638 632 695
Life table tests P=0.519 P=0.327 P=0.436 P=0.503
Logistic regression tests P=0.532N P=0.299 P=0.494 P=0.613
Cochran-Armitage test P=0.424N
Fisher exact test P=0.309 P=0.500 P=0.753N
Skin (Subcutaneous Tissue): Fibroma or Fibrosarcoma
Overall rates 1/50 (2%) 4/50 (8%) 2/50 (4%) 1/50 (2%)
Adjusted rates 31% 10.4% 6.3% 11%
Terminal rates 1/32 (3%) 2/34 (6%) 1724 (4%) 09 (0%)
First incidence (days) 728 (T) 638 632 695
Life table tests P=0.587 P=0.201 P=0.436 P=0.503
Logistic regression tests P=0.429N P=0.175 P=0.494 P=0.613
Cochran-Armitage test P=0.340N
Fisher exact test P=0.181 P=0.5¢0 P=0.753N
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TABLE A3

o-Nitroanisole, NTP TR 416

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
Testes: Adenoma
Overall rates 48/50 (96%) 45/50 (90%) 45/50 (90%) 45/50 (90%)
Adjusted rates 96.0% 97.8% 100.0% 100.0%
Terminal rates 30/32 (94%) 33/34 (97%) 24/24 (100%) 9/9 (100%)
First incidence (days) 484 511 557 481
Life table tests P<0.001 P=0.261N P=0.193 P<0.001
Logistic regression tests P=0.493 P=0.336N P=0.247N P=0.519N
Cochran-Armitage test P=0.312N
Fisher exact test P=0.218N P=0.218N P=0.218N
Thyroid Gland (C-cell): Adenoma or Carcinoma
Overall rates 2/49 (4%) 4/50 (8%) 2/50 (4%) 1/50 (2%)
Adjusted rates 6.3% 11.2% 6.1% 2.5%
Terminal rates 2/32 (6%) 3/34 (9%) 0/24 (0%) 09 (0%)
First incidence (days) 728 (T) 655 637 589
Life table tests P=0.611N P=0.355 P=0.624 P=0.699
Logistic regression tests P=0.300N P=0.335 P=0.684 P=0.559N
Cochran-Armitage test P=0.235N
Fisher exact test P=0.349 P=0.684N P=0.492N
All Organs: Mononuclear Cell Leukemia
Overall rates 26/50 (52%) 25/50 (50%) 42/50 (84%) 34/50 (68%)
Adjusted rates 60.9% 60.2% 91.2% 89.0%
Terminal rates 16/32 (50%) 18/34 (53%) 20/24 (83%) 6/9 (67%)
First incidence (days) 496 423 437 491
Life table tests P<0.001 P=0.445N P<0.001 P<0.001
Logistic regression tests P=0.033 P=0.515N P<0.001 P=0.114
Cochran-Armitage test P=0.041
Fisher exact test P=0.500N P<0.001 P=0.076
All Organs: Malignant Mesothelioma
Overall rates 1/50 (2%) 0/50 (0%) 1/50 (2%) 3/50 (6%)
Adjusted rates 2.0% 0.0% 4.2% 8.0%
Terminal rates 0/32 (0%) 0/34 (0%) 1/24 (4%) 0/9 (0%)
First incidence (days) 484 - 728 (T) 502
Life table tests P=0.038 P=0.508N P=0.726 P=0.257
Logistic regression tests P=0.115 P=0.363N P=0.733N P=0.672
Cochran-Armitage test P=0.082
Fisher exact test P=0.500N P=0.753N P=0.309
All Organs: Benign Neoplasms
Overall rates 50/50 (100%) 48/50 (96%) 47/50 (94%) 48/50 (96%)
Adjusted rates 100.0% 100.0% 100.0% 100.0%
Terminal rates 32/32 (100%) 34734 (100%) 24/24 (100%) 9/9 (100%)
First incidence (days) 484 51 557 481
Life table tests P<0.001 P=0.310N P=0.175 P<0.001
Logistic regression tests P=0.604N P=0.500N P=0.131N P=0.434N
Cochran-Armitage test P=0.360N
Fisher exact test P=0.247N P=0.121N P=0.247TN
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Statistical Analysis of Primary Necoplasms in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
All Organs: Malignant Neoplasms
Overall rates 35/50 (70%) 33/50 (66%) 45/50 (90%) 44/50 (88%)
Adjusted rates 74.2% 73.1% 91.8% 91.3%
Terminal rates 20732 (63%) 22/34 (65%) 20724 (83%) 8/ (89%)
First incidence (days) 484 423 437 481
Life table tests P<0.001 P=0.372N P=0.010 P<0.001
Logistic regression tests P=0.009 P=0.427N P=0.016 P=0.167
Cochran-Armitage test P=0.006
Fisher exact test P=0.415N P=0.011 P=0.024
All Organs: Benign or Malignant Neoplasms
Overall rates 50/50 (160%) 49/50 (98%) 50/50 (100%) 50/50 (100%)
Adjusted rates 100.0% 100.0% 100.0% 100.0%
Terminal rates 32/32 (100%) 34/34 (1060%) 24/24 (100%) 9/ (160%)
First incidence (days) 484 423 437 481
Life table tests P<0.0601 P=0.378N P=0.086 P<0.001
Logistic regression tests £ - - -
Cochran-Armitage test P=0.585
Fisher exact test P=0.500N P=1.000N P=1.000N

(T)Terminal sacrifice
a

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,

bone marrow, brain, clitoral gland, epididymis, galibladder (mouse), heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland,
pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is

number of animals necropsied.

Observed incidence at terminal kill

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values corresponding to

pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in animals dying prior to terminal kill as
being (directly or indirectly) the cause of death. The logistic regression tests regard these lesions as nonfatal. The Cochran-Armitage and Fisher
exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a dose group is indicated by N.

Not applicable; no neoplasms in animal group
Value of statistic cannot be computed
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TABLE Ada
Historical Incidence of Leukemia in Untreated Male F344/N Rats?

Study Incidence in Controls

Historical Incidence at Southern Research Institute

C.I. Pigment Red 3 22/50
Nitrofuratoin - 23/50
o-Nitroanisole : 26/50
Polysorbate 80 23/50
Rhodamine 6G 27/50
Roxarsone ) 27/50

Overall Historical Incidence

Total 385/800 (48.1%)
Standard deviation . 1.7%
Range 32%-62%

2 Data as of 3 April 1991

TABLE A4b
Historical Incidence of Liver Neoplasms in Untreated Male F344/N Rats?

Incidence in Controls
Study Adenoma Carcinoma Adenoma or
Carcinoma

Historical Incidence at Southern Research Institute

C.1. Pigment Red 3 0/50 0/50 0/50
Nitrofurantoin 1/50 0/50 1/50
o-Nitroanisole 0/50 0/50 0/50
Polysorbate 80 2/50 0/50 2/50
Rhodamine 6G 4/50 1/50 5/50
Roxarsone 0/50 2/50 2/50

Overall Historical Incidence

Total 19/799 (2.4%) 7199 (0.9%) 24/799 (3.0%)
Standard deviation 2.9% 1.8% 3.4%
Range 0%-8% 0%-6% 0%-10%

2 Data as of 3 April 1991
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TABLE Adc
Historical Incidence of Squamous Cell Papillomas and Carcinomas of the Forestomach
in Untreated Male F344/N Rats®

Incidence in Controls
Study Squamous Cell Squamous Cell
Papilloma Carcinoma

Historical Incidence at Southern Research Institute

C.I. Pigment Red 3 0/50 0/50
Nitrofurantoin 0/50 0/50
o-Nitroanisole 0/50 0/50
Polysorbate 80 0/50 0/50
Rhodamine 6G 0/50 0/50
Roxarsone 0/50 0/50

Overall Historical Incidence

Total 2/800 (0.3%) 1/800 (0.1%)
Standard deviation 0.7% 0.5%
Range 0%-2% 0%-2%

2 Data as of 3 April 1991

TABLE Add
Historical Incidence of Renal Tubule Neoplasms in Untreated Male F344/N Rats?

Incidence in Controls
Study Adenoma Carcinoma Adenoma or
Carcinoma

Historical Incidence at Southern Research Institute

C.I Pigment Red 3 0/50 1/50 1/50
Nitrofurantoin 0/50 0/50 0/50
o-Nitroanisole 0/49 0/49 0/49
Polysorbate 80 0/50 1/50 1/50
Rhodamine 6G 0/50 0/50 0/50
Roxarsone 1/50 1/50 2/50

Overall Historical Incidence

Total 577198 (0.6%) 6/798 (0.8%) 11/798 (1.4%)
Standard deviation 1.6% 1.2% 1.9%
Range 0%-6% 0%-4% 0%-6%

2 Data as of 3 April 1991
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of o-Nitroanisole?®

0 ppm 222 ppm 666 ppm 2,000 ppm
Disposition Summary
Animals initially in study 60 60 60 60
15-month interim evaluation 10 10 10 10°
Early deaths
Moribund 16 13 4 35
Natural deaths 2 3 2 6
Survivors
Died last week of study 1
Terminal sacrifice 32 34 24 8
Animals examined microscopically 60 60 ‘ 60 59
15-Month Interim Evaluation
Alimentary System
Intestine large, colon (19) ) (&)
Parasite metazoan 4 (40%) 4 (44%)
Intestine small, jejunum 10) . €))
Parasite metazoan 1 (11%)
Liver (10) (10) (10) &)
Basophilic focus 5 (50%) 1 (10%) 1 (11%)
Clear cell focus 3 (30%) 1 (10%) 1 (11%)
Clear cell focus, multiple 2 (20%) 1 (10%)
Degeneration, cystic 1 (10%)
Eosinophilic focus 1 (10%) 3 (30%)
Eosinophilic focus, multiple 1 (10%)
Hepatodiaphragmatic nodule 1 (10%) 2 (22%)
Hepatodiaphragmatic nodule, multiple 1 (10%)
Inflammation, granulomatous, multiple 5 (50%) 4 (40%) 6 (60%) 7 (78%)
Mixed cell focus 2 (20%)
Vacuolization cytoplasmic 8 (80%) 10 (100%) 8 (80%) 8 (89%)
Bile duct, hyperplasia 10 (100%) 10 (100%) 7 (70%) 9 (100%)
Mesentery 2 3] @
Accessory spleen 1 (50%)
Fat, hemorrhage, focal ’ 1 (50%)
Fat, inflammation, granulomatous, focal 1 (50%) 1 (50%)
Fat, necrosis, focal 1 (50%)
Pancreas (10) 1) &)
Acinus, atrophy 1 (11%)
Stomach, forestomach (10) ) &)
Epithelium, hyperplasia : 1 (100%) 1 (11%)
Stomach, glandular (10) (0] ®
Serosa, fibrosis, focal 1 (11%)

Cardiovascular System
Heart (10) ) )
Inflammation, chronic 6 (60%) 5 (56%)




Lesions in Male Rats

TABLE AS

133

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
15-Month Interim Evaluation (continued)

[Endocrine System

Adrenal gland, cortex (10) )
Accessory adrenal cortical nodule 1 (10%) 1 (11%)
Hyperplasia, focal 1 (10%)

Vacuolization cytoplasmic, focal 1 (10%)

Pituitary gland (10) 6] ©®)

Pars distalis, hyperplasia, focal 3 (30%) 2 (22%)

Thyroid gland 10) ®
C-cell, hyperplasia 1 (11%)
Follicle, cyst 1 (11%)

General Body System

None

Genital System

Epididymis (10) (10) (10) )
Depletion cellular 1(11%)

Preputial gland (10) (10) €)) )
Atrophy 2 (22%)

Cyst 3 (30%) 2 (20%) 2 (22%)
Hyperplasia 1 (10%)

Prostate (10) &)
Granuloma 1 (11%)
Inflammation, suppurative 3 (30%) . 1 (11%)

Seminal vesicle (10) ) o
Atrophy 1 (100%)

Testes (10) 10) (10) &)
Atrophy 1 (10%) 3 (33%)
Degeneration 1 (11%)
Bilateral, interstitial cell, hyperplasia 6 (60%) 3 (30%) 5 (50%) 1 (11%)
Interstitial cell, hyperplasia 1 (10%) 4 (40%) 4 (40%) 5 (56%)

Hematopoietic System

Lymph node (10) @ ®
Mediastinal, hyperplasia, lymphoid 1 (10%)

Pancreatic, hyperplasia, lymphoid 1 (1060%)

Spleen (10) (10) (10) “
Congestion 1 (10%) 1 (10%) 3 (33%)
Capsule, fibrosis, focal 1 (10%)

Capsule, hypertrophy 5 (50%) 6 (60%) 8 (89%)

Integumentary System

Skin 10) (6] ®

Subcutaneous tissue, cyst epithelial inclusion

1 (11%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of ¢-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm

15-Month Interim Evaluation (continued)

Musculoskeletal System

None

Nervous System

None

Respiratory System

Lung (10) ) ®
Alveolar epithelium, hyperplasia "1 (10%)
Inflammation, granulomatous, focal 2 (22%).

Nose (10) )
Lumen, fungus : 1 (11%)
Lumen, inflammation, suppurative 1 (11%)
Submucosa, pigmentation 7 (78%)

Special Senses System :

Eye )
Cataract 1 (100%)
Retina, degeneration 1 (100%)

Urinary System .

Kidney _ 10) (10) (10) ©))
Fibrosis, focal 1 (10%)
Nephropathy, chronic 10 (100%) 10 (100%) 10 (100%) 9 (100%)
Pelvis, dilatation 1 (10%)

2-Year Study

Alimentary System

Intestine large, cecum 48) (48) 49) “n
Dilatation 1 (2%)
Parasite metazoan 1 (2%) 3 (6%) 1 (2%)

Intestine large, colon 48) (48) 50) 48)
Dilatation 1 (2%) _
Mineralization 1(2%)
Parasite metazoan 5 (10%) 4 (8%) 2 (4%) 9 (19%)

Intestine large, rectum (46) (49) (50) (49)
Dilatation 1 (2%) 1 (2%)
Edema 1 (2%)
Parasite metazoan 9 (20%) 4 (8%) 13 (26%) 8 (16%)

Intestine small, duodenum 49) “7 (50) 47)
Ectopic tissue- 1 (2%)

Intestine small, ileum 48) “n (48) (46)

Hyperplasia, lymphoid ’ 1 (2%) 2 (4%) 4 (8%)
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TABLE A5

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Alimentery System (continued)

Intestine small, jejunum (48) 7 (48) (48)
Artery, thrombus 1 (2%)
Wall, inflammation, chronic 1 2%)

Liver (50) (50) (50) (50)
Angiectasis 1 (2%) 1 2%)
Basophilic focus 3 (6%) 2 (4%) 2 (4%) 4 (8%)
Basophilic focus, multiple 29 (58%) 27 (54%) 11 (22%) 3 (6%)
Clear cell focus 6 (12%) 4 (8%) 1 (2%) 2 (4%)
Clear cell focus, multiple 7 (14%) 6 (12%) 4 (8%) 3 (6%)
Degeneration, cystic 10 (20%) 10 (20%) 14 (28%) 24 (48%)
Eosinophilic focus . 6 (12%) 10 (20%) 15 (30%) 13 (26%)
Eosinophilic focus, multiple 2 (4%) 8 (16%) 6 (12%) 14 (28%)
Hematopoietic cell proliferation 1 (2%) 1 (2%)
Hemorrhage 1 (2%)

Hepatodiaphragmatic nodule 4 (8%) 3 (6%) 2 (4%) 4 (8%)
Hyperplasia, nodular 7 (14%) 2 (4%) 18 (36%) 14 (28%)
Inflammation, granulomatous, multiple 2 (4%) 2 (4%) 2 (4%)

Mixed cell focus 4 (8%) 2 (4%) 2 (4%)
Mixed cell focus, multiple 2 (4%) 2 (4%) 1 (2%)

Necrosis 1 (2%) 2 (4%)
Thrombus, multiple 1 (2%)

Vacuolization cytoplasmic 5 (10%) 4 (8%) 4 (8%) 1 (2%)
Bile duct, hyperplasia 46 (92%) 44 (88%) 46 (92%) 40 (80%)
Centrilobular, degeneration 2 (4%) 2 (4%) 2 (4%) 2 (4%)
Centrilobular, necrosis 1 (2%)
Vein, thrombus 1 (2%)

Mesentery ‘ (10) 1) O) )
Polyarteritis 2 (22%)
Thrombus, multiple 1 (11%)
Fat, hemorrhage, focal 2 (20%) 2 (22%)
Fat, inflammation, granulomatous, focal 1 (10%) 4 (36%)

Fat, necrosis, focal 7 (710%) 9 (82%) 3 (60%) 3 (33%)

Pancreas (49) (49) (50) 48)
Basophilic focus 2 (4%)

Ectopic tissue 1 (2%) 2 (4%)
Edema 1 (2%) 1 (2%)

Fibrosis, focal 1 (2%)
Inflammation, chronic 1(2%)
Polyarteritis 1 (2%) 1 (2%) 2 (4%)
Acinar cell, atrophy 18 (37%) 21 (43%) 18 (36%) 13 (27%)
Acinar cell, basophilic focus 2 (4%)

Acinar cell, hyperplasia 6 (12%) 10 (20%) 4 (8%) 6 (13%)
Acinar cell, hyperplasia, focal 1 (2%)

Acinar cell, vacuolization cytoplasmic 1 2%)

Salivary glands (50) (50) (59) (50)
Cytomegaly 1 (2%) 8 (16%) 4 (8%)

Fibrosis, focal 1 (2%)
Infiltration cellular, lipocyte 39 (78%) 6 (12%)
Inflammation, suppurative 1 (2%)
Acinar cell, atrophy 1 (2%) 1 (2%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm

2-Year Study (continued)

Alimentery System (continued)

Stomach, forestomach (50) (50) (50) (50)
Edema _ 3 (6%) 3 (6%) 5 (10%) 11 (22%)
Inflammation, chronic 2 (4%) . 2 (4%) 1 (2%) 12 (24%)
Mineralization 1 2%) 1 (2%)
Perforation 1 (2%)

Ulcer 3 (6%) 3 (6%) 6 (12%) 15 (30%)
Ulcer, multiple 2 (4%) 1 (2%)
Epithelium, hyperplasia 3 (6%) 16 (32%) 25 (50%) 32 (64%)

Stomach, glandular (50) 49) (50) (50)
Edema 4 (8%) 1 (2%)
Erosion 1 %)
Erosion, multiple . 1 (2%)

Inflammation, chronic 1 (2%)
Mineralization 1 (2%) 1 (2%) 6 (12%)
Polyarteritis 1 (2%)
Ulcer . 1 (2%) 1 (2%)
Ulcer, multiple 1 2%)

Artery, thrombus 1 (2%)
Mucosa, pigmentation, focal 1 (2%)

Cardiovascular System

Blood vessel Y]

Aorta, mineralization 1 (100%)
Mesenteric artery, mineralization 1 (100%)

Heart (50) (50 (59 (50)
Inflammation, chronic 43 (86%) 46 (92%) 42 (84%) 40 (80%)
Mineralization 1 (2%)
Atrium, congestion 2 (4%) 1 (2%)

Atrium, thrombus 2 (4%) 1 (2%) 1 (2%)

Endocrine System i

Adrenal gland, cortex _ 48) (50) (50) (49)
Accessory adrenal cortical nodule 8 (17%) 5 (10%) 5 (10%) 2 (4%)
Degeneration, cystic 1 (2%) 1 (2%)
Hyperplasia, focal 3 (6%) 7 (14%) 4 (8%) 2 (4%)
Hypertrophy, focal 5 (10%) 2 (4%) 1 (2%) 1 (2%)
Hypertrophy, multiple : 1 (2%)
Vacuolization cytoplasmic 2 (4%) 11 (22%)
Vacuolization cytoplasmic, focal 9 (19%) 10 (20%) 11 (22%) 8 (16%)
Vacuolization cytoplasmic, focal, multiple 1 (2%) -

Vacuolization cytoplasmic, multiple, focal 1 (2%) 1 (2%)
Spindle cell, hyperplasia, focal 1 (2%)

Adrenal gland, medulla 49) (50) (50) 49)
Hemorrhage 1 (%)
Hyperplasia 1 (2%)

Hyperplasia, focal 4 (8%) 9 (18%) 11 (22%) 10 (20%)
Bilateral, hyperplasia, focal 1 (2%)
Islets, pancreatic (49) (49) (50) (48)

Hyperplasia 1 (2%) 2 (4%) 2 (4%)
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Summary of the Incidence of Nenneoplastic Lesions in Male Rats im the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,080 ppm
2-Year Study (continued)

Endocrine System (continued)

Parathyroid gland 47) (46) “7 (48)
Hyperplasia 2 (4%) 1 (2%) 3 (6%) 14 (29%)

Pituitary gland (50) (50) 49 (49)

Pars distalis, cyst 2 (4%) 1 (2%) 6 (12%) 2 (4%)
Pars distalis, cyst, multiple 1 (2%)

Pars distalis, hemorrhage 4 (8%)

Pars distalis, hyperplasia, focal 3 (6%) 9 (18%) 11 (22%) 5 (10%)
Pars intermedia, cyst 2 (4%) 1 (2%)

Thyroid gland 49) (50) (50) (50)
Ultimobranchial cyst 1 2%) 1 (2%)
Artery, polyarteritis 1 (2%)
Bilateral, C-cell, hyperplasia 1 (2%)

C-cell, hyperplasia 3 (6%) 1 (2%)
C-cell, hyperplasia, focal 7 (14%) 3 (6%) 3 (6%) 3 (6%)
Follicle, cyst 4 (8%) 5 (10%) 6 (12%) 5 (10%)
Follicular cell, degeneration 1 (2%)
Follicular cell, hyperplasia 1 (2%) 1 (2%)

General Body System

None

Genital System

Coagulating gland Q)

Inflammation, suppurative 1 (100%)

Epididymis (50 (50) (50 (50)
Granuloma sperm 1 (2%)

Preputial gland (50) (50) 59) “49)
Abscess 1 2%) 1 (2%)
Atrophy 6 (12%) 13 (26%) 16 (32%) 13 (27%)
Atrophy, multiple 3 (6%) 1 (2%)

Autolysis 1 2%)

Cyst 7 (14%) 18 (36%) 24 (48%) 16 (33%)
Cyst, multiple 2 (4%) 4 (8%) 7 (14%) 1 (2%)
Hyperplasia 2 (4%) 5 (10%) 2 (4%)
Hyperplasia, focal 1 (2%) 3 (6%)

Inflammation, chronic 2 (4%) 1 (2%) 1 (2%)

Inflammation, suppurative 3 (6%) 5 (10%) 3 (6%) 2 (4%)
Bilateral, atrophy 4 (8%)

Prostate (50) (50) (50) (50)

Cyst 1 (2%) 3 (6%)
Inflammation, chronic 4 (8%) 6 (12%) 2 (4%) 3 (6%)
Inflammation, suppurative 24 (48%) 15 (30%) 17 (34%) 17 (34%)
Epithelium, hyperplasia 1 (2%)

Seminal vesicle 50) (50) (50) (50)
Atrophy 12 (24%) 12 (24%) 7 (14%) 2 (4%)

Hyperplasia, glandular

1.(2%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Genital System (continued) .

Testes (50) (50) (50) (50)
Atrophy 16 (32%) 13 (26%) 15 (30%) 17 (34%)
Necrosis 1 (2%)
Arteriole, inflammation, chronic 1 (2%)
Bilateral, atrophy 1 (2%) 2 (4%) 1 (2%)
Bilateral, interstitial cell, hyperplasia 3 (6%) 5 (10%) 3 (6%) 5 (10%)
Interstitial cell, atrophy 2 (4%)

Interstitial cell, hyperplasia 16 (32%) © 6 (12%) 15 (30%) 10 (20%)

Hematopoietic System .

Bone marrow (49) (50) (50) 49
Myelofibrosis 1 (2%) 2 (4%) 2 (4%)
Myeloid cell, hyperplasia 1 (2%)

Lymph node (50) (50) (50 (50)
lliac, cyst 1 (2%)
Inguinal, hyperplasia, lymphoid 3(6%) - 1 (2%) 3 (6%)
Mediastinal, angiectasis 9 (18%) 5 (10%) 2 (4%) 2 (4%)
Mediastinal, cyst, multiple 1 %)

Mediastinal, hyperplasia, lymphoid 2 (4%) 2 (4%) 1 (2%)

Mediastinal, pigmentation 2 (4%) 1 2%) 4 (8%)
Pancreatic, angiectasis 2 (4%) 2 (4%) 2 (4%) 1 (2%)
Pancreatic, cyst, multiple 1 2%)

Pancreatic, hyperplasia, lymphoid 1 (2%) 1 (2%) 3 (6%)
Pancreatic, pigmentation 2 (4%)

Renal, angiectasis 4 (8%)
Renal, hyperplasia, lymphoid 1 (2%) 1 (2%)
Renal, pigmentation 1 2%)

Lymph node, mandibular 59 48) (50 ' (50
Angiectasis 1 (2%) 1 (2%) 1 (2%) 1 (2%)
Cyst 1 (2%)
Cyst, multiple 3 (6%) 6 (13%) 3 (6%)

Fibrosis 1 2%)
Hyperplasia, lymphoid 4 (8%) 3 (6%) 3 (6%) 2 (4%)

Lymph node, mesenteric 49) (48) 49 48)
Angiectasis 1 (2%) 2 (4%) 1 (2%) 1 (2%)
Edema 1 (2%) 1 (2%)
Hemorrhage . 1(2%)

Hyperplasia, lymphoid 1 (2%) 6 (13%) 1 (2%) 1 (2%)

Spleen (50) 49) (50) (50
Congestion 7 (14%) ‘

Fibrosis, focal 7 (14%) 5 (10%) 8 (16%) 9 (18%)
Hematopoietic cell proliferation 3 (6%) 1 (2%) 1 (2%) 1 (2%)
Hyperplasia, histiocytic, lymphoid 1 (2%)

- Inflammation, granulomatous, multiple 1 (2%)
Necrosis ) 2 (4%) 1 (2%)
Capsule, hypertrophy i 1 (2%)
Pigmentation 1 (2%)

Thymus 45) (48) 42) (€]
Fibrosis 1 (2%)

Hyperplasia, lymphoid 1 (2%) 1 (2%)
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Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2.Year Study (continued)
Integumentary System
Mammary gland (48) 49 “"n (50)
Hyperplasia, lobular 10 (21%) 21 (43%) 13 (28%) 23 (46%)
Duct, cyst 7 (15%) 17 (35%) 16 (34%) 7 (14%)
Duct, hemorrhage 1 (2%) 3 (6%)
Skin (50 (50 (50) (50
Cyst epithelial inclusion 1 (2%)
Hyperkeratosis 1 (2%)
Inflammation, suppurative 1 (2%)
Ulcer 1 (2%)
Dermis, fibrosis 1 (2%)
Epidermis, hyperplasia 1 (2%) 1 (2%)
Musculoskeletal System
Bone (50) (&) (50) (50)
Calvarium, hyperostosis 1 (2%)
Fibrous osteodystrophy 1 (2%) 1 (2%)
Osteoporosis 1 (2%)
Femur, fibrous osteodystrophy 4 (8%)
Maxilla, fibrous osteodystrophy 3 (6%)
Nervous System
Brain (50) (50) (50) (50)
Compression 6 (12%) 3 (6%) 4 (8%) 2 (4%)
Hemorrhage 2 (4%) 3 (6%) 1 (2%)
Respiratory System
Lung (50) (50) (50) (50)
Atelectasis, focal 1 (2%)
Erythrophagocytosis 1 (2%)
Hemorrhage, focal 1 (2%)
Hemorrhage, multiple 1 (2%)
Infiltration cellular, lymphocyte 1 (2%)
Infiltration cellular, histiocyte, focal 4 (8%)
Infiltration cellular, histiocyte, multiple 2 (4%)
Inflammation, granulomatous, focal 2 (4%) 1 2%)
Inflammation, granulomatous, muitiple 3 (6%) 1(2%)
Inflammation, suppurative 1 (2%) 1 (2%)
Mineralization 1 (2%)
Alveolar epithelium, hyperplasia 2 (4%) 1 2%)
Alveolar epithelium, hyperplasia, focal 1 (2%) 1 (2%)
Alveolus, pigmentation 1 (2%)
Mediastinum, polyarteritis, multiple 1 (2%)

Mediastinum, thrombus, multiple

1 (2%)
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o-Nitroanisole, NTP TR 416

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Respiratory System (continued)

Nose 50 (50) (50) (50)
Metaplasia, squamous 2 (4%)
Lumen, foreign body 1 (2%) 3 (6%) 5 (10%) 2 (4%)
Lumen, fungus 10 (20%) 9 (18%) 9 (18%) 14 (28%)
Lumen, inflammation, suppurative 9 (18%) 12 (24%) 13 (26%) 14 (28%)
Respiratory epithelium, hyperkeratosis 1 (2%)

Respiratory epithelium, hyperplasia 1 2%)
Septum, inflammation, chronic 1 2%)
Submucosa, inflammation, suppurative 1 (2%)
Submucosa, pigmentation 45 (90%) 37 (74%) 45 (90%)

Special Senses System

Eye o) ) @ )
Cataract ' 1 (100%) 1 (100%) 1 (50%)
Retina, degeneration 1 (100%) 1 (100%) 1 (50%) 1 (50%)

Harderian gland @
Hemorrhage 1 (50%)

Urinary System

Kidney “9) 509 (50) (49)

Cyst 1 (2%) 2 (4%) 2 (4%) 6 (12%)
Cyst, multiple 1 (2%) 7 (14%)
Hydronephrosis 1 (2%)
Nephropathy, chronic 49 (100%) 50 (100%) 50 (100%) 49 (100%)
Renal tubule, hyperplasia 3 (6%) 2 (4%)
Renal tubule, mineralization 2 (4%)

Renal tubule, pigmentation 45 (92%) 41 (82%) 48 (96%) 46 (94%)
Transitional epithelium, hyperplasia 7 (14%) 9 (18%) 9 (18%) 30 (61%)

Ureter &) )
Transitional epithelium, hyperplasia 1 (100%)

Urinary bladder (50) (50 (509 (59
Inflammation, chronic 1 (2%)
Transitional epithelium, hyperplasia 2 (4%)

3 Number of animals examined microscopically at site and number of animals with lesion.
b Includes one animal killed moribund before the interim evaluation.
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TABLE B1

Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroaniscle?®
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0 ppm 222 ppm 666 ppm 2,000 ppm
Disposition Summary
Animals initially in study 60 60 60 60
15-Month inserim evaluation 10 10 10 10°
Early deaths
Moribund 17 7 18 14
Natural deaths 2 6 3
Survivors
Terminal sacrifice 33 41 26 33
Animals examined microscopically 60 60 60 59
15-Month Interim Evaluation
Alimentary System
Liver 10) (10) (10 ®
Cardiovascular System
None
Endocrine System
Pituitary gland (10) A3 )] &)
Pars distalis, adenoma 2 (67%) 1 (100%)
Pars distalis, adenoma, multiple 1(11%)
Thyroid gland 10) '6)) )
C-cell, adenoma 1(11%)
C-cell, carcinoma 1 (1060%) 1 (11%)
General Body System
None
Genital System
Clitoral gland (10) 10) (10) ©)
Adenoma 1 (10%)
Uterus (10) (10) (10) &)
Polyp stromal 3 (30%) 2 (22%)
Hematopoietic System
Spleen (10) (10) 10) )

Integumentary System
None

Musculoskeletal System
None
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TABLE B1
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
15-Month Interim Evaluation (continued)

Nervous System

None

Respiratory System

Lung (10) o ®)
Alveolar/bronchiolar adenoma 1 (100%)

Special Senses System

Ear a
Pinna, schwannoma malignant 1 (100%)

Urinary System

None

Systemic Lesions

Multiple organs® (10) 10) 10) )
Leukemia mononuclear 1 (10%)

Neoplasm Summary

Total animals with primary neoplasmsd 3 2 5 3
Total primary neoplasms 3 2 6 5

Total animals with benign neoplasms 3 2 3 2
Total benign neoplasms 3 2 3 4

Total animals with malignant neoplasms 3 1
Total malignant neoplasms 3 1

2-Year Study

Alimentary System

Esophagus (50) (50) (50) (50)

Intestine large, cecum (50) (49) (46) (49)

Intestine large, colon 50) 49) (46) 49)

Intestine large, rectum (50) (49 - 46) 49

Intestine small, ileum (50) (49) (46) (48)

Intestine small, jejunum (50) 49) Cy) (48)

Liver 50 (50) (50) (50)
Hepatocellular adenoma 3 (6%)
Sarcoma stromal, metastatic, uterus 1 (2%)

Mesentery ) ©) Qay (12)
Hemangiosarcoma 1 (17%) '
Fat, fibrosarcoma 1 (11%)

Fat, lipoma ' 1(17%)

Fat, sarcoma stromal, metastatic, uterus 1 (9%)
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Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)
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0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Alimentary System (continued)

Pancreas (50) 50) (49) (50)
Acinar cell, adenoma 1 2%)
Acinar cell, adenoma, multiple 1 (2%)

Pharynx &)

Palate, squamous cell carcinoma 1 (50%)

Salivary glands (50) “49) (50) (50)

Stomach, forestomach (50) (50) (50) (50)
Squamous cell carcinoma i 1 (2%)
Squamous cell papilloma 1 (2%) 1 (2%)

Stomach, glandular (50) (50) (50) (50)

Tongue Y]

Squamous cell papilloma 1 (160%)

Cardiovascular System

Heart (59 (50) (509 (50

Endocrine System

Adrenal gland, cortex (50) (50) (50) (59)
Adenoma 1 (2%) 5 (10%) 2 (4%)

Adrenal gland, medulla (50) (50) 50 (49)
Pheochromocytoma malignant 1 (2%) 1 (2%)
Pheochromocytoma benign 1 (2%) 1 (2%)

Islets, pancreatic (50) 50) 49) (50)
Adenoma 2 (4%) 1 (2%) 2 (4%)

Carcinoma 1 2%)

Pituitary gland (50) (59) (50) (50)

Pars distalis, adenoma 28 (56%) 28 (56%) 27 (54%) 19 (38%)
Pars distalis, carcinoma 1 (2%)
Pars intermedia, adenoma 1 (2%)

Thyroid gland (50) (50) (50) (50)
Bilateral, c-cell, adenoma 1(2%)

C-cell, adenoma 4 (8%) 3 (6%) 2 (4%) 3 (6%)
C-cell, adenoma, multiple 1 (2%)

C-cell, carcinoma 2 (4%) 2 (4%) 1 (2%) 1 (2%)
Follicular cell, adenoma 1 (2%)

Follicular cell, carcinoma 2 (4%) 1 (2%)

General Body System

None

Genital System

Clitoral gland (45) @“7n (50) (48)
Adenoma 3 (%) 5 (11%) 3 (6%) 3 (6%)
Carcinoma 4 (9%) 1 (2%) 2 (4%) 2 (4%)

Bilateral, carcinoma

1 (%)
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TABLE Bl
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm

2-Year Study (continued)

Genital System (continued)

Ovary 50 (50) (50) (50)
Thecoma benign 1 (2%)

Uterus (50 (50 (50) (50)
Hemangioma 1 (2%) .
Hemangiosarcoma : 1 (2%)
Leiomyoma ‘ 1 (2%)
Leiomyosarcoma 1 (2%)
Polyp stromal 9 (18%) 13 (26%) 8 (16%) 8 (16%)
Polyp stromal, multiple 1 (2%)
Sarcoma stromal 3 (6%) 1 (2%)
Cervix, adenocarcinoma 1 (2%)
Cervix, leiomyoma 1 (2%)
Cervix, leiomyosarcoma ' 1 (2%)

Vagina 3) a 3)
Polyp . 1 (100%)

Hematopoietic System

Bone marrow 49) (50) ' (50) 49

Lymph node (50) 50 (50) (50)

Lymph node, mandibular 48) 49 (50) (50)

Lymph node, mesenteric 48) (50) (50) “7n

Spleen ' (50) (50) - (50) (50)
Sarcoma 1 (2%)

Thymus “n 49) ) @7 (48)
Thymoma benign 1 (2%)

Integumentary System

Mammary gland (50) 50) (50) (50)
Adenocarcinoma 2 (4%) 2 (4%)
Adenoma 1 (2%) '
Carcinoma ) 1 (2%)
Fibroadenoma 17 (34%) 17 (34%) 12 (24%) 8 (16%)
Fibroadenoma, multiple 1 (2%) , 3 (6%) 1(2%)

Skin (50) 509 (50) (50)
Squamous cell papilloma 1 (2%)
Subcutaneous tissue, fibroma 2 (4%)
Subcutaneous tissue, fibrosarcoma ’ 1 (2%)
Subcutaneous tissue, lipoma ' 1 (2%)
Subcutaneous tissue, sarcoma 1 2%)

Musculoskeletal System

Bone (59 ~(50) (50) (50)
Maxilla, squamous cell carcinoma, -

metastatic, nose 1 (2%)
Skeletal muscle ) ¢)] (1)

Abdominal, lipoma 1 (100%)
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Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)
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2,000 ppm

¢ ppm 222 ppm 666 ppm

2-Year Study (continued)

Nervous System

Brain (50) (50) (50) (50)
Carcinoma, metastatic, pituitary gland 1 (2%)

Sarcoma 1 (2%)

Respiratory System :

Lung (50) (50) (50) (50)
Alveolar/bronchiolar adenoma 2 (4%) 3 (6%)
Squamous cell carcinoma 1 (2%)

"Nose (50) (50) (50) (50)
Respiratory epithelium, squamous cell
carcinoma 1 (2%)

Special Senses System

Eye @) 6)) ®)

Harderian gland 1) ) )

Zymbal’s gland ) 8] (¢))]
Carcinoma 1 (100%) 1 (100%) 1 (100%)

Urinary System

Kidney (50) (50) (50) (50)
Myxosarcoma 1 2%)

Urinary bladder 50) (50) (50) (50)
Transitional epithelium, carcinoma 1 (2%)
Transitional epithelium, papilloma 1 (2%)

Systemic Lesions

Multiple organs (50) (50) (50) (50)
Leukemia mononuclear 14 (28%) 11 (22%) 14 (28%) 26 (52%)

Neoplasm Summary

Total animals with primary neoplasms 46 46 46 46
Total primary neoplasms 9 101 93 95

Total animals with benign neoplasms 40 44 38 35
Total benign neoplasms 3 80 62 57

Total animals with malignant neoplasms 21 18 27 32
Total malignant neoplasms 26 21 31 38

Total animals with metastatic neoplasms 2 1
Total metastatic neoplasms 2 2

Number of animals examined microscopically at site and number of animals with lesion.
Includes one animal killed moribund before the interim evaluation.
Number of animals with any tissue examined microscopically
Primary neoplasms: all neoplasms except metastatic neoplasms
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 0 ppm

4 4 4 6 6 666 66 6777717177717 17717717
Number of Days on Study 389111366 7889000222222222
8 04833439377 400038388889929
0000O0O0O0OO0OO0OOOOOOOOOCOOOODOOOO
Carcass ID Number 5555555555555 5555444445253H5
637534060007 2227599999011
111121122342123321234535132
Alimentary System
Esophagus +++++++++4+++++++++++ 4+ 4+ + 4+ +
Intestine large . +++++++++++++++++++++++++
Intestine large, cecum +++ 4+ ++++++++++++++++++++ +
Intestine large, colon ++++++++++++++++++++ 4+ +++ 4+
Intestine large, rectum + +++++++++++++++++++++++ +
Intestine small ++++++++++++++++++++++ 4+ 4+ +
Intestine small, duodenum + ++++++++++++++4++++++++++
Intestine small, ileum +++++++++++FF A+ +
Intestine small, jejunum ++++++++++++++++4+++++++++
Liver ++++++++++++++++++++++ 4+ + +
Mesentery + + + + + +
Fat, fibrosarcoma X
Pancreas ++++++++++ A A+ + o+
Salivary glands ++++++++++ o+
Stomach +++++++++++++++++ A+ ++
Stomach, forestomach ++++++++++++++++++++++ + 4+ +
Stomach, glandular +++++++++++++++++++++++ 4+ +
Tongue +
Squamous cell papilloma X
Cardiovascular System
Heart ++++++++++++H+++++++F+H++++
Endocrine System :
Adrenal gland + + 4+ +++++++++++++4+4+++++ 4+ + +
Adrenal gland, cortex . +++++++++++++++4++++++++++
Adenoma ' . X
Adrenal gland, medulla + 4+ +++++++++++++++++++++ + +
Pheochromocytoma benign
Islets, pancreatic +++++++++++++++++++++++ ++
Adenoma X
Parathyroid gland + 4+ 4+ +++++++++++++++++ + +
Pituitary gland + +++++++++++++++4++++ 4+ 4+ 4+ +
Pars distalis, adenoma X X X X X X XXX XX XX
Pars distalis, carcinoma
Pars intermedia, adenoma X
Thyroid gland +++++++++++++++++++++ + + + +
Bilateral, C-cell, adenoma
C-cell, adenoma X
C-cell, carcinoma X
+: Tissue examined microscopically M: Missing tissue X: Lesion present

A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of ¢-Nitroanisole: O ppm (continued)

Number of Days on Study 2222333333333333333333333
9999000000111 111111111111
00000O0O0O0OO0O0OOOOO0OOOOCOOOOOOOO

Carcass ID Number 5§5555555555555555555555°53°5 Total
114612 2333444555646 77828282838 Tissues/
3423545345345 345454512343%5 Tumors

Alimentary System

Esophagus ++++++++++++++ o+ 50
Intestine large +++++++ A+ + o+ 50
Intestine large, cecum ++++++++++++++++++++++++ 4+ 50
Intestine large, colon ++++++++++++++++F+++++++++ 50
Intestine large, rectum ++++++++++++++F+++++++++ + + 50
Intestine small ++++++++++++++++++++++++ + 50
Intestine small, duodenum +++++++++++++ A+ ++ 50
Intestine small, ileum + ++++++++++++++++++++++++ 50
Intestine small, jejunum +++++++++++ 4+ 50
Liver ++++++++++++ A+ FE A+ 50
Mesentery + + + 9
Fat, fibrosarcoma 1
Pancreas ++++++++++++++++4+4+++++++ + 50
Salivary glands ++++++++++++++++++++++ 4+ + + 50
Stomach +++++++++++++++++4+++++++ + 50
Stomach, forestomach ++ ++ ++ 4+ +++++++++F A+ F 50
Stomach, glandular ++ 4+ ++++++++++++++++++++ 4+ 50
Tongue 1
Squamous cell papilloma 1
Cardiovascular System
Heart +++++++++++++++F+++++ 4+ + 50
Endocrine System
Adrenal gland ++++++++++++++++4+++++++++ 50
Adrenal gland, cortex ++++++++++++++++++++++++ 4+ 50
Adenoma 1
Adrenal gland, medulla +++ 4+ ++++++++++++4++++++ 4+ + 50
Pheochromocytoma benign X 1
Islets, pancreatic + ++++F++++ AR+ o+ 50
Adenoma X 2
Parathyroid gland +++M+++++++++++++++++++ 4+ + 49
Pituitary gland ++++++++++++++++++++++++ + 50
Pars distalis, adenoma X XX XXX X X X XX XX X X 28
Pars distalis, carcinoma X 1
Pars intermedia, adenoma 1
Thyroid gland +++++++++++ A+ + 50
Bilateral, C-cell, adenoma X 1
C-cell, adenoma X X X 4
C-cell, carcinoma X 2
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TABLE B2

o-Nitroanisole, NTP TR 416

Individual Animal Tumor Patholegy of Female Rats in the 2-Year Feed Study of o-Nitroanisole:

0 ppm (continued)

4 4456662666666 777777T77177717
Number of Days on Study 3891113667889 0002222222232
"8 04833439377 4000238828889929
‘ 000O0O0OO0OOOOOOOOOOOOOOGOOOOO
Carcass [D Number 5555555555555 555544444535°S5
6375340600072 227599999011
111121122342123321234531512
General Body System
None
Genital System
Clitoral gland +++++++++M++++++M+M++++ M+
Adenoma
Carcinoma X
Ovary T T T S S S e e A A e i i Tt s S 2 s s e e
Uterus ++++++++ T+ A+t
Hemangioma X
Polyp stromal X X X
Cervix, leiomyoma X
Hematopoietic System
Bone marrow ++++++++++++++++++++++++M
Lymph node ++++++++++++++++++++++ 4+ + +
Lymph node, mandibular ++++++++++++++++++++M+++ +
Lymph node, mesenteric +++++++++F A+
Spleen N T S S S S S S S T T S S i S
Thymus ++++ MM+ ++ A+t
Thymoma benign
Integumentary System
Mammary gland ++++++++++++++++++++++++ +
Adenocarcinoma
Adenoma
Fibroadenoma X X X X X X
Skin ++++++++++F A+
Squamous cell papilloma '
Musculoskeletal System
Bone +++++++++++++ A+ A+
Maxilla, squamous cell carcinoma,
metastatic, nose X
Skeletal muscle +
Nervous System
Brain ++++++++++++++++++++++++ +

Carcinoma, metastatic, pituitary gland
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroaniscle: © ppm (continued)
7717717771771 117171T7717777717177177
Number of Days on Study 222233333333333333333332333
) 9999000000111 111111111111
0000O0O0OO0OO0O0OO0OO0OO0OO0OOOOOOOOOOCOO0OO
Carcass ID Number 5555555555555 555555555%5S5°S Total
1146122333444555¢6¢6 778828288 Tissues/
3423545345345 34545451234°%5 Tumors
General Body System
None
Genital System
Clitoral gland + 4+ ++++++++ M+ 45
Adenoma X X X 3
Carcinoma X X X 4
Ovary ++++++++++++F A+t 50
Uterus ++ 4+ ++++t+ A+ F A F A+ + 50
Hemangioma 1
Polyp stromal X X X X X X 9
Cervix, leiomyoma 1
Hematopoietic System
Bone marrow + + 4+ + 4+ ++++++ 4+ 49
Lymph node +++++++++ A+ 50
Lymph node, mandibular + 4+ ++++ 4+ A+ ML+ 48
Lymph node, mesenteric +++++M+++++M+++++++++++ + + 48
Spleen +++++++++++ o+ 50
Thymus ++++++++M++++++++++++++++ 47
Thymoma benign X 1
Integumentary System
Mammary gland ++++F++++++FF A+ + 50
Adenocarcinoma X X 2
Adenoma X 1
Fibroadenoma X X X XXXXX XX X 17
Skin +++++++++ A+t 50
Squamous cell papilloma X 1
Musculoskeletal System
Bone +++++++++ A+ 4 50
Maxilla, squamous cell carcinoma,
metastatic, nose 1
Skeletal muscle 1
Nervous System
Brain ++++++++++++F A+ 50
Carcinoma, metastatic, pituitary gland X 1
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 0 ppm (continued)

4 4456662666666 1777777177177717717
Number of Days on Study 3891113667889 000222222222
8 0483343937 7400038288889929
00000O00O0O0OOOOOOOOOOOOOOOOO
Carcass ID Number 5555555555555 555544444575°S5
6375340660007 2227599999011
1111211223421233212345512
Respiratory System
Lung ++++++++ o+
Nose +++++++++F A+
Respiratory epithelium, squamous cell
carcinoma X
Trachea . ++++++++++ A+ F o+

Special Senses System
Harderian gland +
Lacrimal gland +
Zymbal's gland
Carcinoma

>+

Urinary System

Kidney ++++++FF A+ A+

Urinary bladder +++++++F++++++ o+
Systemic Lesions

Multiple organs ++++++t+++ A+t

Leukemia mononuclear X XXXXXX X X X
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: O ppm (continued)

7777711711777 7177T777777717177177
Number of Days on Study 2222333333333333333333333
9999000000111 111111111111
000O0O0COO0OOOO0OOOOCOOOOO0OOO0OGOO0OOOO
Carcass [D Number 5555555555555555555555525S Total
1146122333 444555¢6¢6 778828288 Tissues/
3423545345 345345454512345 Tumors
Respiratory System
Lung ++++++++++F+F A+ 4 50
Nose +++++++++++++F A+ 50
Respiratory epithelium, squamous cell
carcinoma 1
Trachea +++++++++++++ 4 50
Special Senses System
Harderian gland 1
Lacrimal gland 1
Zymbal’s gland 1
Carcinoma 1
Urinary System
Kidney ++++++ A+ 4 50
Urinary bladder + ++++++++ A+ 50

Systemic Lesions

Multiple organs ++++++++++++++++++++++++ + 50
Leukemia mononuclear X X X X 14
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm

Number of Days on Study
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Esophagus
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Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver
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Hemangiosarcoma
Fat, lipoma
Pancreas
Salivary glands
Stomach
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Squamous cell papilloma
Stomach, glandular
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Cardiovascular System .
Heart ‘ ++++++++ A+t

Endocrine System
Adrenal gland + + + + +
Adrenal gland, cortex + + + + +
Adenoma
Adrenal gland, medulla + +
Islets, pancreatic + +
Adenoma
Parathyroid gland + +
Pituitary gland + +
Pars distalis, adenoma
Thyroid gland + +
C-cell, adenoma
C-cell, adenoma, multiple
C-cell, carcinoma
Follicular cell, carcinoma X
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisoles 222 ppm (continued)
7717717117717 1711717771777171777T7T7T17T7177
Number of Days on Study 3333333333333333333333333
222222222222222222222255S°:5
000O0O0O0OO0OOOOOOO0OOO0OOOOOOOOOO O
Carcass ID Number 8 8889999999999 99999999999 Total
8 9990000011222 223333324414 4 Tissues/
53451234545 12345123452345%5 Tumors
Alimentary System
Esophagus +++++++++++ A+ 50
Intestine large +++++++++++++++++++++++++ 49
Intestine large, cecum +++++++++++++++++++++++ + + 49
Intestine large, colon +++++++++++++++++++++++ ++ 49
Intestine large, rectum +++++++++++++++F+++++++++ + 49
Intestine small + +++ ++++++++++++++++++++ + 49
Intestine small, duodenum +++++++++++++++++++++++++ 49
Intestine small, ileum T I S T T S S S S R S S e S S S S SR R S S 49
Intestine small, jejunum ++++++++++++++++++++++++ + 49
Liver +++++++++++FFEFF A+ 4 50
Mesentery + + + + 6
Hemangiosarcoma X 1
Fat, lipoma 1
Pancreas ++++++++++++++++++++++++ + 50
Salivary glands ++++++++++++++++++++++ 4+ + + 49
Stomach + + 4+ 4+ +++++++++++++++++++++ 50
Stomach, forestomach ++++++++++++ A+ 50
Squamous cell papilloma 1
Stomach, glandular + + +++++++++++F+F++ A+ ++ 50
Cardiovascular System
Heart ++++++++++F+F+F A+ 50
Endocrine System
Adrenal gland +++++++++++++++++++++F++++ 50
Adrenal gland, cortex +++++++++++++++++++++++++ 50
Adenoma X X 5
Adrenal gland, medulla +++++++++++++++++++++++ 4+ + 50
Islets, pancreatic. + ++++++++++++++++++++++++ 50
Adenoma 1
Parathyroid gland + + 4+ +++++++++++++M+++++ A+ + 46
Pituitary gland ++++F+++t+ A+ 50
Pars distalis, adenoma X X XXXXXXX X X X X X 28
Thyroid gland +++++++++++F A+ 50
C-cell, adenoma X X X 3
C-cell, adenoma, multiple X 1
C-cell, carcinoma 2
Follicular cell, carcinoma X 2

General Body System
Tissue NOS
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm (continued)

3455667777777 77777T77717T171717
Number of Days on Study 3339472222222222222233333
3638612377888 999999%9 111 2
000000O0O0OOOCOOOOOOOOOOO0OO0OTOLO
Carcass ID Number 99889888 98828888888 882818888
117948551535 56¢66¢66779 7782838
121112123345 1234523245134
Genital System
Clitoral gland + 4+ ++++++++++ M+ o+
Adenoma X
Carcinoma
Ovary +++++++ 4+ 4+ 4+ 4+ 4+ F 4+ 4+ 44+
Thecoma benign
Uterus ) ++++++++++++++++++++4++++ +
Leiomyosarcoma X
Polyp stromal X X X
Vagina + +
Hematopoietic System
Bone marrow +++++++++++ o+
Lymph node +++++++++++F++++ A+ +
Lymph node, mandibular ++++++M++++++++++++++++++
Lymph node, mesenteric +++++++++++++++4++++++++++
Spleen + +++ ++++++++F A+ A+
Sarcoma X
Thymus +++++++F++++ M+ ++ o+
Integumentary System
Mammary gland ++++++++F+ A+ F A+ +
Fibroadenoma X X X XXX XXXXX
Fibroadenoma, multiple X
Skin ++++++++++++FFF A+ o+
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma X
Subcutaneous tissue, lipoma
Musculoskeletal System
Bone ++++++++++++++ A+ F+
Nervous System
Brain ++++++++++F A+
Respiratory System
Lung ++++++++++F+FFF A+ o+
Nose +++++++++F++ o+
Trachea +++++++FFF A+ o+
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm (continued)
. 7777171177177 717717717777777T7T7177
Number of Days on Study 3333333333333333333333333
22222222222222222222225%5:5
00000O0O0OODCOOOOOOOGCOOOOOOOOO0O0
Carcass 1D Number 8 8889999999999 9999999999?9 Total
8999000001 1222223333344 43 4 Tissues/
5345123454512 3451234523435 Tumors
Genital System
Clitoral gland ++++++++M+++++++++++++M+ + 47
Adenoma X X X X 5
Carcinoma X 1
Ovary +++++++++ A+ F T+ 50
Thecoma benign X 1
Uterus +++++++++F A+ 4 50
Leiomyosarcoma 1
Polyp stromal X X X X X XX XXX 13
Vagina + 3
Hematopoietic System
Bone marrow +++++++++++++++++++++++++ 50
Lymph node ++++++++++F A+ 50
Lymph node, mandibular +++++++++++++++++++++++++ 49
Lymph node, mesenteric ++++++++++++++++++++++++ + 50
Spleen +++++++++ A+ F A+ 50
Sarcoma 1
Thymus ++++++ A+ 49
Integumentary System
Mammary gland +++++++++++++++++++++++++ 50
Fibroadenoma X X X X X X 17
Fibroadenoma, multiple 1
Skin +++++++ A+ 4+ 50
Subcutaneous tissue, fibroma X X 2
Subcutaneous tissue, fibrosarcoma 1
Subcutaneous tissue, lipoma X 1
Musculoskeletal System
Bone I I T e s sl s ST S S ST SR T S S S S S S 50
Nervous System
Brain +++++++F+ A A+ F 50
Respiratory System
Lung ++++++++H A+ 50
Nose +++++++ 50
Trachea R T T i o S S S S S S . A i 50
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 222 ppm (continued) -

Number of Days on Study 3339472222222222222233333
363861237 78889999999911122
000O0O0O0O0OOOOOOOOO0OO0OOOOOO0OOOOO

Carcass ID Number 9988988898888 888888828888S8
117948551555¢6¢6¢6¢6¢677977828S8
1211121233451234523245134

Special Senses System

Eye + +
Harderian gland +
Zymbal’s gland

Carcinoma

Urinary System :

Kidney +++++++++++++ A+ F A+ +

Ureter M

Urinary bladder +++++++++++++++++++++ 4+ + + 4+
Systemic Lesions

Multiple organs ++++++++++++ A+

Leukemia mononuclear X XX X X X
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisele: 222 ppm (continued)
7777717771717 7171777777177117717171
Number of Days on Study 3333333333333333333333333
22222222222222222222225H%5S*S
0000O0OO0OOOO0OOOOOOCOOO0OOOO0OOOOO
Carcass [DD Number 8 8889999999999 99999999999 Total
8999000001122 222333332424434 Tissues/
5$345123454512345123452343%5 Tumors
Special Senses System
Eye + + 4
Harderian gland + 2
Zymbal’s gland + 1
Carcinoma X 1
Urinary System
Kidney +t++++++++F A+ 50
Ureter
Urinary bladder ++++++++ A+ 50
Systemic Lesions
Multiple organs ++++++++++++++++++++++++ + 50
Leukemia mononuclear X X X X X 11
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 666 ppm

344555551575 6 6 6 6 6 6 6 6 6 6 7 7
Number of Days on Study 01523367781 13334458891112
26 95363119030 231¢628233350¢699
0 0000O0OOOOOOOOOOOOOOOOOOO0OTO
Carcass ID Number 777887788778 788777787877177
5§56 0139224305127 5382620¢62143
1211151121123231421423323
Alimentary System
Esophagus + + + A+ FFFFFFAFF A F A+
Intestine large +++++++++A++A++++ 4+ +++AAF+
Intestine large, cecum +++++++++A++A++++++++AA++
Intestine large, colon +++++++++A++A++++++++AA++
Intestine large, rectum +++++++++A++A++++++++AAF+
Intestine small + 4+ +++++++A+++++++++++ A+ ++
Intestine small, duodenum + ++++++++A++F+++F A+ ++
Intestine small, ileum + ++++++++A++A+++F+++4++AA++
Intestine small, jejunum t+ 4+ ++ A+ AT+ A+ o+
Liver + +++++++++++++++++++++ 4+ + +
Sarcoma stromal, metastatic, uterus X
Mesentery + + + + + + + +
Fat, sarcoma stromal, metastatic, uterus X
Pancreas + +++++++++++A++++++++++++
Pharynx +
Palate, squamous cell carcinoma X
Salivaxyglands + 4+ ++ +++++++++++++++++++ + +
Stomach +++++++++++++++++++++++ 4+ +
Stomach, forestomach ++++++++++++++++++++++++ +
Stomach, glandular +++++++++++++++++++++++++
Cardiovascular System v
Heart + +++++++++++++++++++++++ +
Endocrine System
Adrenal gland ++++++++++++++++++‘+++++++
Adrenal gland, cortex + +++++++++++++++++++++++ +
Adrenalgland,medulla +++++++++++++++++++++++ + +
Pheochromocytoma malignant X
Islets, pancreatic + ++ +++++++ AT+
Adenoma X X
Carcinoma X
Parathyroid gland ++++++++++++++++H+++++ M+
Pituitary gland +++++++F+ A+
Pars distalis, adenoma XX X X X X XXX X XXXX
Thyroidgland + +++++++++++++++++++4+++++
C-cell, adenoma
C-cell, carcinoma )
Follicular cell, adenoma X

Follicular cell, carcinoma
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisoles 666 ppm (continued)
7777171771771 171717717171777171717777177
Number of Days on Study 2222333333333333333333333
99990000011 111122225552575S5
0000O0O0OO0OOOOOOOOOOOOOOOOOO0OO0
Carcass ID Number 7777771777717 7717777778282828283S8 Total
3444566717777 88889999001112 Tissues/
4 345545 23452345234545345°5 Tumors
Alimentary System
Esophagus +++++++++++ o+ 50
Intestine large O S i T T S S A T S S 46
Intestine large, cecum ++++++++++++++++++++ A+ A+ 46
Intestine large, colon + +++++++++++++++++++++++ + 46
Intestine large, rectum +++++++++++++++++++++++++ 46
Intestine small + 4+ +++t++++F A A A A+ 48
Intestine small, duodenum + + + +++++++++++++F++++++++ 4+ 48
Intestine small, ileum + ++ 4+ +++++++++++++++++++++ 46
Intestine small, jejunum +++++++++++++ A+ + 47
Liver ++++++++++F+F A FE o+ 50
Sarcoma stromal, metastatic, uterus 1
Mesentery ’ + + + 11
Fat, sarcoma stromal, metastatic, uterus 1
Pancreas ++++++++++F o+ 49
Pharynx + 2
Palate, squamous cell carcinoma 1
Salivary glands ++++++++++ A+t 50
Stomach +++++++++++F A+ 50
Stomach, forestomach +++++++++HFF T+ 50
Stomach, glandular +++++++++++++++++++++F+++ 50
Cardiovascular System
Heart ++++++++ R+ 50
Endocrine System
Adrenal gland ++++++F+F+ A+ A+ o+ 50
Adrenal gland, cortex + + +++++++++++++++++++++++ 50
Adrenal gland, medulla +++++++++++++F o+ 50
Pheochromocytoma malignant 1
Islets, pancreatic +++++++++++F A+ o+ 49
Adenoma 2
Carcinoma 1
Parathyroid gland +++++++++F A+ + 49
Pituitary gland ++++++ A+ o+ 50
Pars distalis, adenoma X X XXXXXXXX X X X 27
Thyroid gland +++++++++ A+ 50
C-cell, adenoma X X 2
C-cell, carcinoma X 1
Follicular cell, adenoma 1
Follicular cell, carcinoma X 1
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TABLE B2 » o
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 666 ppm (continued)

Number of Days on Study 01523367 78113334458891112
26 95363119030231683350¢6299
00000O0OO0OO0CO0OO0OOCOOOOOOOOOOOOOO

Carcass ID Number 7778877887 787887777878777
556 0139224305127 35382¢620G%643
1211151121123231421423323

General Body System

Tissue NOS +
Genital System
Clitoral gland +++++++++++++++++++++ 4+ ++ +
Adenoma X X
Carcinoma X X
Bilateral, carcinoma
Ovary ++++++++F++FFEF A+ 4+
Uterus , +++++++ o+t
Polyp stromal X X X
Sarcoma stromal X X X
Cervix, leiomyosarcoma
Vagina +
Polyp X
Hematopoietic System
Bone marrow + + + 4+ ++ 4+ +++++F++++ A+ ++
Lymph node o +++++++++++++++++++++++ + 4+
Lymph node, mandibular ++++++++++++++++++++++++ +
Lymph node, mesenteric ++++++F+F++++++++++++ S+ 4
Spleen _ ++ 4+ ++++++ A+ A+
Thymus +M++++++++++M++++++++4+++ 4+
Integumentary System
Mammary gland +++++++++++++F+++++++++ 4+
Adenocarcinoma X X
Fibroadenoma XXX
Fibroadenoma, multiple
Skin + ++++++++++++++++++++++ 4+ 4+
Subcutaneous tissue, sarcoma X

Musculoskeletal System
Bone + ++++++++++++++++++4++++ 4+ +
Skeletal muscle
Abdominal, lipoma
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisoles 666 ppm (continued)
7771771717177 717171777777171717171T17T7717
Number of Days on Study 2222333333333333333333333
9999000001111 11222252552525SH5
0000O0O0O0O0OO0OOO0OO0OO0O0OOOO0OOOOOOO
Carcass ID Number 7771797177177 171717717771777882828283S8 Total
344456617777 88889999001112 Tissues/
4 3 4554523452345 2345452345S Tumors
General Body System
Tissue NOS 1
Genital System
Clitoral gland +++++++++++++++++++++++++ 50
Adenoma X 3
Carcinoma 2
Bilateral, carcinoma X : 1
Ovary S T T T T R R T S N 50
Uterus ++++++++++++++++++++++++ + 50
Polyp stromal X X X X X 8
Sarcoma stromal 3
Cervix, leiomyosarcoma X 1
Vagina 1
Polyp 1
Hematopoietic System
Bone marrow + ++++++++++++++++++ 50
Lymph node + 4+ +++++ A+ 4+ F A A+ o+ 50
Lymph node, mandibular + +++++++++++ A+ 50
Lymph node, mesenteric +++++++++++++++++++++++++ 50
Spleen ++++++++++++++ A+ + 50
Thymus +++++++++++++M+++++FF o+ 47
Integumentary System
Mammary gland +++++++++++r+FFF A+ A+ 50
Adenocarcinoma 2
Fibroadenoma X X X X X X XXX 12
Fibroadenoma, multiple X X X 3
Skin +++++++ A+ 50
Subcutaneous tissue, sarcoma 1
Musculoskeletal System
Bone ++++++ A+ A A+ A+ 50
Skeletal muscle + 1
Abdominal, lipoma X 1
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 666 ppm (continued)

3445555555 6 6 66 6 6 6 6667777
Number of Days on Study 01523367781133344582891112
: 2695363119030 31683350699
00 00O0OO0OOOOOOOOOOOOOOOOODOOQO
Carcass ID Number 77 7887788778788 777787877177
556 0139224305127 5382¢6290G643
1211151121123231421423323
Nervous System
Brain ++++++++++++++F o+
Sarcoma X
Respiratory System
Lung R I T S S S S A S R S I S A
Alveolar/bronchiolar adenoma : '
Nose +++++++++++FF A+ o+
Trachea ++++++++++ A+ A+ 4
Special Senses System‘
Eye
Urinary System
Kidney + ++++++++++++++++++++++ 4+ +
Myxosarcoma X
Urinary bladder ++++++F+F+ A+ F
Systemic Lesions
Multiple organs S T A e I S B S S I I I S
Leukemia mononuclear X X X X X X X X X
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 666 ppm (continued)

Number of Days on Study 2222333333333333333333333
9999000001111 11222255555S5S
0000O00O0OCOOOOO0OOCO0OCO0OOOOOOOOO

Carcass ID Number 7711717717177 17771717T1717177777828282828S8 Total
344456461777 788889999001112 Tissues/
4 3455452 34523452345451345°S5S Tumors

Nervous System

Brain +++++ PR+ 50

Sarcoma 1
Respiratory System

Lung +++++ A+ 50

Alveolar/bronchiolar adenoma X X 2

Nose ++++++++++ o+ 50

Trachea ++++++++++ A+ F A+ 50
Special Senses System

Eye + 1
Urinary System

Kidney ++++++FF A+t 50

Myxosarcoma 1

Urinary bladder +++++++++t+HF A+ 50
Systemic Lesions

Multiple organs ++++++++++++++++++++++ 4+ + + 50

Leukemia mononuclear X X X X X

14
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 2,000 ppm

Number of Days on Study 870250013345¢6812222222222
6 6 017 443147537¢62029899899 92 9
0000O0O0COOOOO0OOOOOOOOOOOOGCOOO

Carcass 1D Number 6 6 6 6 666 67 66666667 666266666
7273528701897 9730111125638
5$5111121211213242223453213

Alimentary System

Esophagus +++++++++++F A+ o+
Intestine large ++++++++++ A+ F o+
Intestine large, cecum ++H++++ A+ A+ ++
Intestine large, colon +++++++++++A+++++++++++++
Intestine large, rectum + + +++++++++A+++++++++++++
Intestine small +++++++t+ A F o+
Intestine small, duodenum + 4+ ++++++++++++++ A+ 4
Intestine small, ileum +A+++++++++A++FF+FF A+ +
Intestine small, jejunum +A+++++++++A++++FF A+
Liver +++++++++ o+
Hepatocellular adenoma X
Mesentery . + + + + + + +
Pancreas ++ ++++++++++++++++++++++ +
Acinar cell, adenoma X
Acinar cell, adenoma, multiple .
Salivary glands + + + 4+ +++++++++++++F+++F A+ A+
Stomach + 4+ +++++++++++++++++++++ + +
Stomach, forestomach +++++++++++++++++++++++ 4+ +
Squamous cell carcinoma '
Squamous cell papilloma
Stomach, glandular +++++++++++++++++++++++++
Cardiovascular System
Heart +++++++++ A+ A+
Endocrine System
Adrenal gland . ++++++++++++++++++++ 4+ ++ ++
Adrenal gland, cortex + 4+ 4+ ++ +++++++++++++++++++ +
Adenoma
Adrenal gland, medulla ++++++++++++++++++++++++ +
Pheochromocytoma malignant
Pheochromocytoma benign X
Islets, pancreatic + 4+ ++++++++++++++++++++4+++
Parathyroid gland +++++++++++++++++++++++M+
Pituitary gland + ++++++++++++++++++++++ + +
Pars distalis, adenoma X X X XX XXXXXX
Thyroid gland + + 4+ + 4+ ++++++++++++++++++++
C-cell, adenoma X

C-cell, carcinoma X
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 2,000 ppm (continued)

Number of Days on Study 3333333333333333333333333
000002 2222222222255555255S5
00000O0O0OOOO0OOO0OOOOOOOOOODOOOO

Carcass [D Number 6 6 6 6 666 6666666666 ¢6¢6¢6¢6¢6777 Total
223334444455 5¢6¢6¢6¢6188999000 Tissues/
4 5345123453452 3454534513435 Tumors

Alimentary System

Esophagus ++++++++ A+ 50
Intestine large ++++++ o+ 49
Intestine large, cecum +++++++++++++++++++++++++ 49
Intestine large, colon +++++++++++++++++++++++ 4+ + 49
Intestine large, rectum + ++++++++++++++++++++++++ 49
Intestine small ++++++++++F T4+ 50
Intestine small, duodenum +++++++++++ A+t 50
Intestine small, ileum +++++++++++++++++++++++++ 48
Intestine small, jejunum +++++++++++++++++++++++++ 48
Liver ++++++++++++++ A+t ++ 50
Hepatocellular adenoma X 2
Mesentery + + + + + 12
Pancreas +++++++++F+ A+ H 50
Acinar cell, adenoma : 1
Acinar cell, adenoma, multiple X 1
Salivary glands + 4+ ++F+ A+ o+ 50
Stomach + 4+ +++++++ A+ 50
Stomach, forestomach + ++++++F+++FF A+ 50
Squamous cell carcinoma X 1
Squamous cell papilloma X 1
Stomach, glandular +++++++++++++++++++++++++ 50
Cardiovascular System
Heart ++++++++F+ o+ 50
Endocrine System
Adrenal gland ++++++++++++++++F+ A 50
Adrenal gland, cortex + ++++++++++++++++++++++++ 50
Adenoma X X 2
Adrenal gland, medulla +++++++++++++++++++++++M+ 49
Pheochromocytoma malignant X 1
Pheochromocytoma benign 1
Islets, pancreatic + ++ 4+ +++++++++F+F++ A+ + 50
Parathyroid gland ++++++++++++++++++M+++M++ 47
Pituitary gland +++++++++F++ A+t 50
Pars distalis, adenoma X X X X X X X X 19
Thyroid gland +++++ A+t 50
C-cell, adenoma X X 3

C-cell, carcinoma 1
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 2,000 ppm (continued)

w
FS
A3
Lh
h
(-8
=)
(-
[~}
(-
(-}
(-}
(-}
-
~
~1
~
~
~3
~
Y
~
~
~3
~

Number of Days on Study 870250013345 ¢6812222222222
6 6 017 4431475376029999992929
0 00O0O0O0OOCOO0OOOOOOOOOOOOOOOOTO
Carcass 1D Number 6 6 6666 66766666667 666666 6 6
72735287018979730111125¢6 8
51111212112132422234532123
General Body System
None
Genital System
Clitoral gland ++++ ++++++++++++++++++M++
Adenoma X X
Carcinoma X
Ovary +++++++++++++++++++++++ + +
Uterus +++++++++++++++++++++++ + +
Hemangiosarcoma
Leiomyoma X
Polyp stromal X X XXX X
Polyp stromal, multiple
Sarcoma stromal X
Cervix, adenocarcinoma
Vagina + + +
Hematopoietic System
Bone marrow +++++++++++FAF
Lymph node ++++++++ A+ F A+
Lymph node, mandibular + ++++++++++++++F++++++++++
Lymph node, mesenteric ++++++++++++++++++++++M++
Spleen +++++++++++F A+ 4
Thymus +++++++++++++++M++++++++M
Integumentary System
Mammary gland +++++++++++++++++++++++++
Carcinoma X
Fibroadenoma XX X X
Fibroadenoma, multiple
Skin +++++++++++++++++++++++ + +
Musculoskeletal System
Bone + ++++++++++++++++++++++ + +
Skeletal muscle +

Nervous System
Brain ++ ++++++++++H++F A+ +
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TABLE B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole:

169

2,000 ppm (continued)

7717177717177 7171717177 7771771777171
Number of Days on Study 3333333333333333333333333
000002 222222222225555H55353:5
000000O0OO0CO0OCO0OOOOOO0OOCOO0OOO0OOCOOGCOO
Carcass ID Number 6 6 6 6 6 6666 6 6666666666646 777 Total
2233344444555¢6¢6¢62¢6828999000 Tissues/
4 534512345345 234545345345%5 Tumors
General Body System
None
Genital System
Clitoral gland +++++++++++++++++++++++M+ 48
Adenoma X 3
Carcinoma X 2
Ovary + 4+ ++++++++++++++++++++++ + 50
Uterus + +++++++++++++++++++++++ 4+ 50
Hemangiosarcoma X : 1
Leiomyoma 1
Polyp stromal X X 8
Polyp stromal, multiple X 1
Sarcoma stromal 1
Cervix, adenocarcinoma X 1
Vagina 3
Hematopoietic System
Bone marrow ++++++++++++++++++F+++ A+ + 49
Lymph node ++++++++++ A+ A+ 50
Lymph node, mandibular +++++++++++++ A+ o+ 50
Lymph node, mesenteric ++++M+++++++++M++++++ 4+ + ++ 47
Spleen ++++++++++F A+ 50
Thymus +++++++++ A+ 48
Integumentary System
Mammary gland ++++++++++F AT+ 50
Carcinoma 1
Fibroadenoma X X X X 8
Fibroadenoma, multiple X 1
Skin ++++++++++++++++++++++ 4+ + + 50
Musculoskeletal System
Bone v ++++++++++F o+ 50
Skeletal muscle 1
Nervous System
Brain +++++++++ A+ 50
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TABLE B2 :
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 2,000 ppm (continued)

34555¢6¢66¢66¢666¢6777777T77717717
Number of Days on Study 8 70250013345¢63812222222222:2
6 6 017 44314753762029999992939
0000O0OO0COO0OOO0OO0OOOOOCOOOOO0OOOOOO "
Carcass ID Number 6 6 6 6 66 6 67 6666666 766¢66¢6666
727352870189 79730111125E6 38
5111121211213 2422234532173
Respiratory System
Lung ++++++++ A F A F 4+
Alveolar/bronchiolar adenoma X X
Squamous cell carcinoma X
Nose +++++++++++F T+
Trachea : +++++++++ A+
Special Senses System :
Eye + +
Harderian gland + +
Zymbal’s gland
Carcinoma
Urinary System
Kidney ++++++++++++++++++++++ 4+ +
Urinary bladder + 4+ +++++ 4+ F A+

Transitional epithelium, carcinoma
Transitional epithelium, papilloma

Systemic Lesions
Multiple organs + +
Leukemia mononuclear

>+
> +
>+
>+
¥+
>+
>+
>+
¥+
¥+
>+
>+
>+
>+
X+
X+
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TABLE B2
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Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of o-Nitroanisole: 2,000 ppm (continued)

i 7777717717177 17717777171717T177T7177T171711717
Number of Days on Study 3333333333333333333333333
00000222 222222222515555H5H%5S*H5
00000O0O0OO0OOO0OO0OOOOOO0OOODOGOOOO
Carcass [DD Number 6 6 6 6 66 66 6 6666666666666 7 77 Total
22333444445 55¢6¢6¢6¢688999000 Tissues/
453451234534523454534523435 Tumors
Respiratory System
Lung ++++++ A+ o+ 50
Alveolar/bronchiolar adenoma X 3
Squamous cell carcinoma . 1
Nose +++++++ A+ 50
Trachea +++++++++++++ o+ 50
Special Senses System
Eye + + + 5
Harderian gland 2
Zymbeal’s gland + 1
Carcinoma X 1
Urinary System
Kidney +++++ A+ + 50
Urinary bladder ++++++++++F A+ + o+ 50
Transitional epithelium, carcinoma X 1
Transitional epithelium, papilloma X 1
Systemic Lesions
Multiple organs ++++++ A+ o+ 50
Leukemia mononuclear X X X X XXX X X X 26
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TABLE B3

Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole

o-Nitroanisole, NTP TR 416

0 ppm 222 ppm 666 ppm 2,000 ppm
Adrenal Cortex: Adenoma
Overall rates? 1/50 (2%) 5/50 (10%) 0/50 (0%) 2/50 (4%)
Adjusted rates® 2.5% 122% 0.0% 6.1%
Terminal rates® 0/33 (0%) 5/41 (12%) 0/26 (0%) 2/33 (6%)
First incidence (days) 687 728 (T) -€ 728 (T)
Life table tests® P=0.54IN P=0.156 P=0.557TN P=0.491
Logistic regression tests? P=0.538N P=0.123 P=0.506N P=0.490
Cochran-Armitage testd P=0.500N ‘
Fisher exact test P=0.102 P=0.500N P=0.500
Clitoral Gland: Adenoma
Overall rates 3/45 (%) 5/47 (11%) 3/50 (6%) 3/48 (6%)
Adjusted rates 10.0% 13.2% 10.1% 9.7%
Terminal rates 3/30 (10%) 5/38 (13%) 1/26 (4%) 3/31 (10%)
First incidence (days) 728 (T) 728 (T) 658 728 (T)
Life table tests P=0.495N P=0.491 P=0.580 P=0.650N
Logistic regression tests P=0478N P=0.491 P=0.642 P=0.650N
Cochran-Armitage test P=0.426N i
Fisher exact test P=0.382 P=0.610N P=0.630N
Clitoral Gland: Carcinoma
Overall rates " 4/45 (9%) 1/47 (%) 3/50 (6%) 2/48 (4%)
Adjusted rates 11.9% 2.6% 9.4% 6.1%
Terminal rates 3/30 (10%) 1738 (3%) 1/26 (4%) 1731 3%)
First incidence (days) 518 728 (T) 641 722
Life table tests P=0.483N P=0.128N P=0.579N P=0.329N
Logistic regression tests P=0.426N P=0.171N P=0.437N P=0.309N
Cochran-Armitage test P=0.422N
Fisher exact test P=0.167N P=0.441N P=0.308N
Clitoral Gland: Adenoma or Carcinoma
Overall rates 7/45 (16%) 6/47 (13%) 5/50 (10%) 5/48 (10%)
Adjusted rates 21.7% 15.8% 16.2% 15.5%
Terminal rates 6/30 (20%) 6/38 (16%) 2/26 (8%) 4/31 (13%)
First incidence (days) 518 728 (T) 641 722
Life table tests P=0.411N P=0.333N P=0.488N P=0.360N
Logistic regression tests P=0.361N P=0.434N P=0.353N P=0.349N-
Cochran-Armitage test P=0.324N
Fisher exact test P=0.466N P=0307N P=0.334N
Liver: Hepatocellular Aderioma
Overall rates 0/50 (0%) 0/50 (0%) 0/50 (0%) 3/50 (6%)
Adjusted rates 0.0% 0.0% " 0.0% 9.1%
Terminal rates 0/33 (0%) 0/41 (0%) 0/26 (0%) 3/33 (9%)
First incidence (days) - - - 728 (T)
Life table tests P=0.008 - - P=0.120
Logistic regression tests P=0.008 - - P=0.120
Cochran-Armitage test P=0.009 )
Fisher exact test - - P=0.121
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TABLE B3
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Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,080 ppm
Lung: Alveolar/bronchiolar Adenoma
Overall rates 0/50 (0%) 0/50 (0%) 2/50 (4%) 3/50 (6%)
Adjusted rates 0.0% 0.0% 1.7% 7.8%
Terminal rates 0/33 (0%) 0/41 (0%) 2/26 (8%) 1/33 (3%)
First inciderice (days) - - 728 (T) 604
Life table tests P=0.035 - P=0.187 P=0.126
Logistic regression tests P=0.036 - P=0.187 P=0.122
Cochran-Armitage test P=0.037 '
Fisher exact test - P=0.247 P=0.121
Mammary Gland: Adenoma or Carcinoma
Overall rates 3/50 (6%) 0/50 (0%) 2/50 (4%) 1/50 (2%)
Adjusted rates 91% 0.0% 52% 2.0%
Terminal rates 3/33 (9%) 0/41 (0%) 0/26 (0%) 0/33 (0%)
First incidence (days) 728 (T) - 536 476
Life table tests P=0.456N P=0.086N P=0.590N P=0.306N
Logistic regression tests P=0.409N P=0.086N P=0.492N P=0.292N
Cochran-Armitage test P=0.429N
Fisher exact test P=0.121N P=0.560N P=0.309N
Mammary Gland: Fibroadenoma
Overall rates 17/50 (34%) 18/50 (36%) 15/50 (30%) 9/50 (18%)
Adjusted rates 4.5% 40.7% 49.5% 25.1%
Terminal rates 13/33 (39%) 15/41 (37%) 12726 (46%) 733 (21%)
First incidence (days) 438 436 416 634
Life table tests P=0.048N P=0.397N P=0.479 P=0.064N
Logistic regression tests P=0.026N P=0.500 P=0.426N P=0.057N
Cochran-Armitage test P=0.023N
Fisher exact test P=0.500 P=0.415N P=0.055N
Mammary Gland: Fibroadenoma or Adenomsa
Overall rates 17/50 (34%) 18/50 (36%) 15/50 (30%) 9/50 (18%)
Adjusted rates 44.5% 40.7% 49.5% 25.1%
Terminal rates 13/33 (39%) 15/41 (37%) 12726 (46%) 733 (21%)
First incidence (days) 438 436 416 634
Life table tests P=0.048N P=0.397N P=0.479 P=0.064N
Logistic regression tests P=0.026N P=0.5¢0 P=0.426N P=0.057TN
Cochran-Armitage test P=0.023N
Fisher exact test P=0.500 P=0.415N P=0.055N
Mammary Gland: Fibreadenoma, Ademoma, or Carcinoma
Overall rates 18/50 (36%) 18/50 (36%) 17/50 (34%) 10/50 (20%)
Adjusted rates 413% 40.7% 521% 26.6%
Terminal rates 14/33 (42%) 15/41 (37%) 12726 (46%) 7133 (21%)
First incidence (days) 438 436 416 476
Life table tests P=0.066N P=0.314N P=0.378 P=0.070N
Logistic regression tests P=0.031N P=0.580N P=0.491N P=0.058N
Cochran-Armitage test P=0.031N
Fisher exact test P=0.582N P=0.500N P=0.059N
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TABLE B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
Pancreatic Islets: Adenoma or Carcinoma . .
Overall rates 2/50 (4%) 1/50 (2%) 3/49 (6%) ' 0/50 (0%)
Adjusted rates 5.4% 2.2% 82% 0.0%
Terminal rates 1/33 (3%) 0/41 (0%) . 0/26 (0%) 0/33 (0%)
First incidence (days) 673 672 610 - .
Life table tests P=0.255N : P=0.456N P=0.407 P=0.251N.
Logistic regression tests P=0.211N P=0.505N P=0.517 P=0.240N
Cochran-Armitage test - P=0220N
Fisher exact test : P=0.500N P=0.490 P=0.247N
Pituitary Gland (Pars Distalis): Adenoma
Overall rates 28/50 (56%) 28/50 (56%) - 27/50 (54%) 19/50 (38%)
Adjusted rates 66.3% 60.8% 66.3% 48.0%
Terminal rates 19/33 (58%) - 23/41 (56%) - 13726 (50%) 13/33 (39%)
First incidence (days) : 613 533 525 386 .
Life table tests P=0.103N P=0.214N - P=0.263 P=0.087N
Logistic regression tests P=0.03IN P=0492N P=0.531 P=0.061N
Cochran-Armitage test P=0.025N . . :
Fisher exact test : P=0.580N P=0.500N P=0.054N
Pituitary Gland (Pars Distalis): Adenoma or Carcinoma . .
Overall rates 29/50 (58%) 28/50 (56%) 27/50 (54%) 19/50 (38%)
Adjusted rates 68.7% ‘ 60.8% 66.3% 48.0%
Terminal rates 20733 (61%) 23/41 (56%) 13/26 (50%) 13/33 (39%)
First incidence (days) 613 533 525 386
Life table tests P=0.085N P=0.16IN P=0312 P=0.062N
Logistic regression tests P=0.023N P=0.406N P=0.560N P=0.040N
Cochran-Armitage test P=0.018N )
Fisher exact test P=0.500N P=0.420N P=0.036N
Skin (Subcutaneous Tissue): Fibroma, Fibrosarcoma, or Sarcoma
Overall rates 0/50 (0%) 3/50 (6%) - o 1/50 (2%) 0/50 (0%)
Adjusted rates 0.0% : 7.3% 2.2% 0.0%
Terminal rates 0/33 (0%) 3/41 (1%) 0/26 (0%) 0/33 (0%)
First incidence (days) - : 728 (T) . 533 -
Life table tests P=0.302N P=0.162 _ P=0.500 -
Logistic regression tests P=0277N P=0.162 P=0.623 -
Cochran-Armitage test : P=0.281N . :
Fisher exact test P=0.121 P=0.500 -
Thyroid Gland (C-cell): Adenoma :
Overall rates 5/50 (10%) 4/50 (8%) 2/50 (4%) 3/50 (6%)
Adjusted rates 15.2% 9.8% 7.7% 8.4%
Terminal rates _ 5133 (15%) 4/41 (10%) . 2/26 (8%) 2/33 (6%)
First incidence (days) 728 (T) 728 (T) ‘ 728 (T) . 634
Life table tests P=0.382N P=0.365N P=0.319N P=0.361IN
Logistic regression tests © P=0376N P=0.365N P=0.319N P=0372N

Cochran-Armitage test P=0331IN )
Fisher exact test P=0.500N P=0.218N P=0.357N
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Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroaniscle (continued)

0 ppm 222 ppm 666 ppm 2,080 ppm
Thyroid Gland (C-<cell): Adenoma or Carcinoma :
Overall rates 7/50 (14%) 6/50 (12%) 3/50 (6%) 4/50 (8%)
Adjusted rates 20.1% 14.6% 11.5% 10.2%
Terminal rates 6/33 (18%) 6/41 (15%) 3/26 (12%) 2/33 (6%)
First incidence (days) 669 728 (T) 728 (T) 476
Life table tests P=0.282N P=0.344N P=0.270N P=0.275N
Logistic regression tests P=0.251N P=0.405N P=0.252N P=0.261N
Cochran-Armitage test P=0.229N
Fisher exact test P=0.560N P=0.159N P=0.262N
Uterus: Stromal Polyp
Overall rates 9/50 (18%) 13/50 (26%) 8/50 (16%) 9/50 (18%)
Adjusted rates 24.4% 30.8% 25.6% 25.1%
Terminal rates 7133 (21%) 12/41 (29%) 5/26 (19%) 733 (21%)
First incidence (days) 438 646 533 613
Life table tests P=0.473N P=0.410 P=0.540 P=0.590
Logistic regression tests P=0.405N P=0.234 P=0.489N P=0.660N
Cochran-Armitage test P=0.384N
Fisher exact test P=0.235 P=0.560N P=0.602N
Uterus: Stromal Sarcoma
Overall rates 0/50 (0%) 0/50 (0%) 3/50 (6%) 1/50 (2%)
Adjusted rates 0.0% 0.0% 8.5% 2.5%
Terminal rates 0/33 (0%) 0/41 (0%) 0/26 (0%) 0/33 (0%)
First incidence (days) - - 459 647
Life table tests P=0.370 - P=0.097 P=0.486
Logistic regression tests P=0.403 - P=0.163 P=0.512
Cochran-Armitage test P=0.387
Fisher exact test - P=0.121 P=0.5¢0
Uterus: Stromal Polyp or Stromal Sarcoma :
Overall rates 9/50 (18%) 13/50 (26%) 11/50 (22%) 10/50 (20%)
Adjusted rates 24.4% 30.8% 31.9% 26.9%
Terminal rates 7/33 (21%) 12/41 (29%) 5126 (19%) 733 (21%)
First incidence (days) 438 646 459 613
Life table tests P=0.538 P=0.410 P=0.248 P=0.485
Logistic regression tests P=0.492N P=0.234 P=0.452 P=0.506
Cochran-Armitage test P=0.485N
Fisher exact test P=0.235 P=0.402 P=0.500
All Organs: Mononuclear Cell Leukemia
Overall rates 14/50 (28%) 11/50 (22%) 14/50 (28%) 26/50 (52%)
Adjusted rates 32.7% 24.6% 373% 58.5%
Terminal rates 6/33 (18%) 8/41 (20%) 5126 (19%) 15/33 (45%)
First incidence (days) 494 533 302 560
Life table tests P=0.001 P=0.204N P=0.351 P=0.024
Logistic regression tests P<0.001 P=0.339N P=0.523N P=0.013
Cochran-Armitage test P<0.001
Fisher exact test P=0.322N P=0.588N P=0.012
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TABLE B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
All Organs: Benign Neoplasms
Overall rates 40/50 (80%) 44/50 (88%) 38/50 (76%) 35/50 (70%) -
Adjusted rates 88.7% 91.7% 88.0% 83.1%
Terminal rates 28/33 (85%) 37/41 (90%) 21/26 (81%) 26/33 (19%)
First incidence (days) 438 436 416 386
Life table tests P=0.284N P=0.280N P=0.196 P=0.266N
Logistic regression tests P=0.057TN P=0.237 P=0.544N P=0.204N
Cochran-Armitage test P=0.046N
Fisher exact test P=0.207 P=0.405N P=0.178N
All Organs: Malignant Neoplasms
Overall rates 21/50 (42%) 18/50 (36%) 27/50 (54%) 32/50°(64%)
Adjusted rates 47.5% 39.0% 60.0% 70.6%
Terminal rates 11/33 (33%) 13/41 (32%) 9/26 (35%) 20733 (61%)
First incidence (days) 494 533 302 476
Life table tests v P=0.007 P=0.173N P=0.066 P=0.045
Logistic regression tests P=0.005 P=0.353N P=0.265 P=0.025 .
Cochran-Armitage test P=0.004 _
Fisher exact test P=0.341N P=0.158 P=0.022
All Organs: Benign or Malignant Neoplasms
Overall rates 46/50 (92%) 46/50 (92%) 46/50 (92%) 46/50 (92%)
Adjusted rates 92.0% 95.8% 92.0% 93.8%
Terminal rates 29/33 (88%) 39/41 (95%) 22/26 (85%) 30/33 (91%)
First incidence (days) 438 436 302 386
Life table tests P=0.284 P=0.083N P=0.116 P=0.523
Logistic regression tests P=0.586N P=0.626N P=0.508N P=0.62TN
Cochran-Armitage test P=0.589
Fisher exact test P=0.643N P=0.643N P=0.643N

(T)Terminal sacrifice : :

2 Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,
bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland,
pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is
number of animals necropsied.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal Kill

4 Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values corresponding to
pairwise comparisons between the controls and that dosed group. The life table analysis regards neoplasms in animals dying prior to terminal kill as
being (directly or indirectly) the cause of death. The logistic regression tests regard these lesions as nonfatal. The Cochran-Armitage and Fisher
exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a dose group is indicated by N.

Not applicable; no neoplasms in animal group

6 o
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TABLE B4a

Historical Incidence of Leukemia in Untreated Female F344/N Rats®

177

Study

Incidence in Controls

Historical Incidence at Southern Research Institute

C.I Pigment Red 3
Nitrofuratoin
o-Nitroanisole
Polysorbate 80
Rhodamine 6G
Roxarsone

QOverall Historical Incidence
Total

Standard deviation
Range

10/50
13/50
14/50
26/50
11/50
14/50

213/800 (26.6%)
8.8%
14%-52%

2 Data as of 3 April 1991

TABLE B4b

Historical Incidence of Liver Neoplasms in Untreated Female F344/N Rats®

Incidence in Controls

Study Adenoma Carcinoma Adenoma or
Carcinoma
Historical Incidence at Southern Research Institute
C.I Pigment Red 3 0/50 0/50 0/50
Nitrofurantoin 0/50 0/50 0/50
o-Nitroanisole 0/50 0/50 0/50
Polysorbate 80 0/50 0/50 0/50
Rhodamine 6G 0/50 0/50 0/50
Roxarsone 0/50 0/50 0/50
Overall Historical Incidence
Total 3/800 (0.4%) 1/860 (0.1%) 4/8060 (0.5%)
Standard deviation 1.5% 0.5% 1.6%
Range 0%-6% 0%-2% 0%-6%

2 Data as of 3 April 1991
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TABLE B4c
Historical Incidence of Squamous Cell Papillomas and Carcinomas of the Forestomach
in Untreated Female F344/N Rats?

Incidence in Controls
Study Squamous Cell Squamous Cell
Papilloma Carcinoma

Historical Incidence at Southern Research Institute

C.L Pigment Red 3 : 0/50 0/50
Nitrofurantoin 0/50 0/50
o-Nitroanisole 0/50 0/50
Polysorbate 80 0/50 0/50
Rhodamine 6G 0/50 . 0/50
Roxarsone ‘ 1/50 ) 0/50

Overall Historical Incidence

Total 1/800 (0.1%) 0/800 (0.0%)
Standard deviation 0.5%
Range 0%-2%

2 Data as of 3 April 1991



Lesions in Female Rats

TABLE BS
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Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroanisole*

0 ppm 222 ppm 666 ppm 2,000 ppm
Disposition Summary
Animals initially in study 60 60 60 60
15-Menth interim evaluation 10 10 10 10°
Early deaths
Moribund 17 7 18 14
Natural deaths 2 6 3
Survivors
Terminal sacrifice 33 41 26 33
Animals examined microscopically 60 60 60 59
15-Month Interim Evaluation
Alimentary System
Intestine large, colon 10) &)
Parasite metazoan 2 (20%) 1 (11%)
Liver (10) (10) 10) ®
Basophilic focus 2 (20%) 4 (40%) 2 (22%)
Basophilic focus, multiple 7 (710%) 9 (90%) 5 (50%) 1 (11%)
Clear cell focus 1 (10%)
Eosinophilic focus 1 (10%)
Hepatodiaphragmatic nodule 1 (10%) 1 (11%)
Inflammation, granulomatous, multiple 5 (50%) 5 (50%) ) 2 (20%) 5 (56%)
Mixed cell focus 1 (10%) 2 (20%) 1 (11%)
Necrosis 1 (11%)
Bile duct, hyperplasia 3 (30%) 1 (10%) 4 (40%) 4 (44%)
Hepatocyte, Kupffer cell, pigmentation 1 (11%)
Mesentery ¢y} @ - @)
Fat, inflammation, granulomatous, focal 1 (50%) 3 (75%)
Fat, necrosis, focal 1 (100%) 1 (50%) 2 (50%)
Stomach, forestomach (10) a &)
Epithelium, hyperplasia 1 (100%) 1 (11%)
Cardiovascular System
Heart 10) )
Inflammation, chronic 1 (10%) 2 (22%)
Endocrine System
Adrenal gland, cortex (10) &)
Spindle cell, hyperplasia, focal 1 (10%)
Pituitary gland (10) 3) (¢)) (€2)]
Pars distalis, cyst, multiple 1 (33%) 1 (100%) 1 (11%)
Pars distalis, hyperplasia, focal 1 (10%)
Pars intermedia, cyst 1 (11%)

General Body System
None
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TABLE B5
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm " 666 ppm 2,000 ppm
15-Month Interim Evaluation (continued)

Genital System

Clitoral gland 10) 10) 10) )

Cyst 3 (30%) 2 (20%) 3 (30%) 1 (11%)
Cyst, multiple 1 (10%)
Hyperplasia _ 2 (22%)

Ovary (10)

Cyst 1 (10%)
Bilateral, cyst 1 (10%)

Uterus 10 10) (10) ¢))
Dilatation : 2 (20%) 1 (10%) 1 (10%) 1 (11%)
Cervix, abscess 1 (10%)

Cervix, cyst _ 1 (10%)
Endometrium, hyperplasia, cystic 2 (20%) 1 (10%)

Hematopoietic System

Bone marrow (10) ' )
Hyperplasia, reticulum cell . 1 (10%)

Lymph node (10) €))
Mediastinal, hyperplasia, lymphoid 1 (10%)

Pancreatic, pigmentation 1 (10%)

Spleen (10) (10) ' (10) o
Hematopoietic cell proliferation 10 (100%) 8 (80%)

Pigmentation 10 (100%) 10 (100%) 1 (11%)
Capsule, hypertrophy 3 (30%) 3 (30%)

Thymus (10) (¢9)
Hyperplasia, lymphoid 1 (10%)

Integumentary System

Mammary gland (10) &))

Duct, cyst 1 (10%)

Musculoskeletal System

Bone ‘ 10y )
Calvarium, hyperostosis 1 (10%)

Nervous System -

None

Respiratory System

Nose (10) @) ) ©)
Submucosa, pigmentation 8 (80%) 3 (100%) 6 (100%) 9 (100%)

Special Senses System
None
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
15-Month Interim Evaluation (continued)

Urinary System

Kidney (10) (10) (10) )

Cyst 1 (10%)

Inflammation, chronic, focal 1 (10%)

Nephropathy, chronic 3 (30%) 9 (90%) 5 (50%) 4 (44%)

Renal tubule, dilatation 1 (10%) 6 (60%) 7 (18%)

Renal tubule, mineralization 1 (10%) 6 (60%) 7 (10%) 5 (56%)
2-Year Study

Alimentary System

Intestine large, cecum (59) 49) (46) (49)
Parasite metazoan 1 (2%) 3 (6%) 2 (4%) 1 (2%)

Intestine large, colon (50) (49) (46) (49)
Parasite metazoan 3 (6%) . 5 (10%) 1 (2%) 2 (4%)

Intestine large, rectum (50) (49) (46) 49
Parasite metazoan 3 (6%) 4 (8%) 2 (4%) 6 (12%)

Intestine small (50) 49) 48) (50)

Wall, foreign body 1 (2%)

Intestine small, ileum (50) 49) (46) 48)
Hyperplasia, lymphoid 1 (2%) 1 (2%)

Intestine small, jejunum (50) 49) 47 (48)
Inflammation, granulomatous 1 (2%)
Ulcer 1 (2%)

Liver (50) (50) (50) (50)
Angiectasis 1 (2%)
Basophilic focus 2 (4%) 4 (8%) 3 (6%)
Basophilic focus, multiple 37 (74%) 41 (82%) 34 (68%) 26 (52%)
Clear cell focus 5 (10%) _ 3 (6%) 3 (6%)
Clear cell focus, multiple 1 (2%) 1 (2%) 2 (4%)
Cytomegaly 1 (2%)

Degeneration, multiple 1 (2%)

Eosinophilic focus 3 (6%) 8 (16%) 5 (10%) 9 (18%)

Eosinophilic focus, multiple 5 (10%) 2 (4%) 3 (6%) 5 (10%)

Hematopoietic cell proliferation 1 (2%)
" Hepatodiaphragmatic nodule 4 (8%) 3 (6%) 10 (20%) 8 (16%)

Hyperplasia, nodular 4 (8%) 1 (2%) 3 (6%) 14 (28%)

Inflammation, granulomatous, multiple 36 (72%) 30 (60%) 20 (40%) 21 (42%)

Karyomegaly 1 (2%) '

Mixed cell focus 2 (4%) 4 (8%) 2 (4%) 5 (10%)

Mixed cell focus, multiple 1 (2%)

Necrosis 2 (4%)

Pigmentation 1 2%)

Vacuolization cytoplasmic 10 (20%) 3 (6%) 5 (10%) 5 (10%)

Bile duct, hyperplasia 29 (58%) 30 (60%) 34 (68%) 43 (86%)

Centrilobular, degeneration 1 (2%)

Centrilobular, necrosis 1 (2%)

Centrilobular, vacuolization cytoplasmic 1 (2%)

Serosa, fibrosis 1 (2%)

Serosa, inflammation, granulomatous 1 (2%)

Vein, thrombus 1 (2%)
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Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

Atrium, thrombus 1 (2%)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Alimentary System (continued)

Mesentery (¢)] ) 11) (12)
Inflammation, chronic 1 (8%)
Fat, inflammation, granulomatous 1(17%)

Fat, inflammation, granulomatous, focal 2 (22%) 1 (9%) 1 (8%)
Fat, necrosis, focal 7 (78%) 5(83%) 9 (82%) 10 (83%)
Fat, necrosis, focal, multiple 1 (9%) ’

Pancreas (50) (50) 49 (50
Basophilic focus 3 (6%) ‘
Basophilic focus, multiple 1 (2%) 1 (2%) 2 (4%)
Ectopic tissue . 1(2%)
Acinar cell, atrophy 14 (28%) 11 (22%) 15 (31%) 12 (24%)
Acinar cell, hyperplasia - 6 (12%) 4 (8%) 4 (8%) 5 (10%)

Pharynx : @

Palate, epithelium, hyperplasia 1 (50%)

Salivary glands (50) (49) (50) 59

Cytomegaly 1 (2%)

Infiltration cellular, lipocyte 1 2%)

Inflammation, chronic 1 (2%)

Inflammation, suppurative 1 (2%)
Acinar cell, atrophy 1 (2%) 1 2%) 1 (2%)"
Acinar cell, hyperplasia 1 2%) 1 (2%)

Stomach, forestomach (50) (50) (50) (50) :
Edema ' 4 (8%) 1 (2%) 5 (10%) 5 (10%)
Inflammation, chronic 4 (8%) 2 (4%) 2 (4%) 6 (12%)
Inflammation, suppurative 2 (4%) :

Ulcer : 1 (2%) 2 (4%) 6 (12%)
Ulcer, multiple 2 (4%) 1 (2%) 2 (4%) 1 (%)
. Epithelium, hyperplasia 8 (16%) 8 (16%) 13 (26%) 28 (56%)

Stomach, glandular (50) (50) (50) (50)
Edema 1 (2%)

Erosion 1 (2%) 1 (2%) 2 (4%)
Erosion, multiple 1 (2%)

Hyperplasia, lymphoid 1 (2%)

Mineralization 1 (2%) 1 (2%)

Necrosis, focal, multiple 1 (2%) 1 (2%)

Ulcer 1 (2%) 2 (4%)
Ulcer, multiple . 1 %)

Epithelium, hyperplasia 1 (2%)

Epithelium, hyperplasia, focal 1 (2%)

Cardiovascular System

Heart (50) (50) (50) (50)
Inflammation, chronic 34 (68%) 45 (90%) 41 (82%) 39 (78%)
Atrium, congestion 1 (2%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Endocrine System

Adrenal gland, cortex ' (50) : (50) (50) (50)
Accessory adrenal cortical nodule 6 (12%) 4 (8%) 2 (4%) 7 (14%)
Cyst 1 (2%)
Degeneration, cystic 1 (2%) 2 (4%)
Hyperplasia, focal 4 (8%) 10 (20%) 5 (10%) 6 (12%)
Hyperplasia, focal, multiple 1 (2%)

Hypertrophy, focal 7 (14%) 11 (22%) 6 (12%) 5 (10%)
Hypertrophy, focal, multiple 2 (4%)

Necrosis, focal, multiple 1 (2%)

Vacuolization cytoplasmic 1 (2%) 3 (6%) 2 (4%)

Vacuolization cytoplasmic, focal 14 (28%) 15 (30%) 8 (16%) 11 (22%)
Vacuolization cytoplasmic, multiple ' 2 (4%)

Bilateral, hyperplasia 1 (2%)
Bilateral, hypertrophy, focal 1 (2%)

Bilateral, vacuolization cytoplasmic 1(2%) 1 (2%) 3 (6%)
Bilateral, vacuolization cytoplasmic, focal 1 (2%) 1 (2%)
Spindle cell, hyperplasia, focal ' 1(2%)

Adrenal gland, medulla (50) (50) (50) 49)
Degeneration, cystic, focal 1 (2%) !
Hyperplasia, focal 3 (6%) 4 (8%) 3 (6%) :
Vacuolization cytoplasmic, focal 1 (2%)

Parathyroid gland 49) (46) (49) @n
Cyst 1 (2%)

Pituitary gland (50) (50) (50) (59)

Pars distalis, angiectasis 1 (2%)
Pars distalis, cyst 4 (8%) 4 (8%) C3(6%) 5 (10%)
Pars distalis, cyst, multiple 4 (8%) 4 (8%) 1 (2%) 6 (12%)
Pars distalis, hyperplasia - 4 (8%)
Pars distalis, hyperplasia, focal 5 (10%) 6 (12%) 6 (12%) 7 (14%)
Pars intermedia, cyst 1 2%)

Pars intermedia, hyperplasia 1 (2%)

Thyroid gland (50) (50) (59) (50)
Inflammation, suppurative 1 2%)

Ultimobranchial cyst 1 (2%) 2 (4%)

C-cell, hyperplasia 5 (10%) 3 (6%) 1 (2%) 2 (4%)
C-cell, hyperplasia, focal 9 (18%) 7 (14%) 5 (10%) 5 (10%)
Follicle, cyst 1 (2%)

General Body System
None
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm

2-Year Study (continued)

Genital System

Clitoral gland 45) @47 (50) (48)
Abscess 1 (2%)
Atrophy 1 (2%)
Cyst 14 (31%) 23 (49%) 18 (36%) 15 (31%)
Cyst, multiple 1 (2%)
Hyperplasia 8 (18%) 1 (2%) 6 (13%)
Hyperplasia, focal 1 (2%) 4 (9%) 1 (2%) .
Inflammation, suppurative 2 (4%) 1 (2%) 2 (4%) 2 (4%)
Bilateral, cyst 7 (16%) 3 (6%) 11 (22%) 11 (23%)

Ovary 50 50 (50) (50)
Cyst 5 (10%) 3 (6%) 5 (10%) 5 (10%)
Cyst, multiple 1 (2%)
Inflammation, granulomatous, multiple 1 (2%)
Bilateral, cyst 1 (2%) ) 1 (2%)

Uterus (50) (50) (50) (50
Abscess 1 (2%)
Dilatation 2 (4%) 3 (6%) 2 (4%) 4 (8%)
Fibrosis, focal 1 2%)
Hemorrhage ' _ 1 (2%)
Hyperplasia, glandular 2 (4%) 2 (4%) 2 (4%) 5 (10%)
Infiltration cellular, lipocyte ' 1 (2%)
Inflammation, suppurative 1 (2%) 1 (2%) 1 (2%)
Cervix, cyst 2 (4%)
Cervix, hemorrhage 1 (2%)
Cervix, inflammation, suppurative 1 (2%) 1 (2%)
Cervix, myometrium, hyperplasia 3 (6%)
Endometrium, hyperplasia, cystic 7 (14%) 6 (12%) 9 (18%) 12 (24%)
Vein, thrombus 1(2%)

Vagina . (€)) ) 3
Inflammation, suppurative 1(33%)

Hematopoietic System

Bone marrow 49 (50) (50) 49
Myelofibrosis 2 (4%) 1 (2%)
Erythroid cell, hyperplasia 1 (2%)

Lymph node (50) s (50) (50)
Inguinal, hyperplasia, lymphoid : 1(2%)
Mediastinal, angiectasis 6 (12%) 2 (4%) 5 (10%) 6 (12%)
Mediastinal, congestion _ 1 (2%)
Mediastinal, hemorrhage 1 (2%) 1(2%)
Mediastinal, hyperplasia, lymphoid 3 (6%) 2 (4%)
Mediastinal, infiltration cellular,

histiocyte 1 (2%)

Mediastinal, pigmentation 1 (2%) 2 (4%)
Pancreatic, angiectasis 2 (4%) 6 (12%)
Pancreatic, hyperplasia, lymphoid ' 1 (2%)

Renal, cyst, multiple 1 (2%)
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TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of ¢-Nitroanisole (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Hematopoietic System (continued)

Lymph node, mandibular (48) 49 (50) (50)
Angiectasis 1 (2%) 2 (4%)

Congestion 1 (2%)

Cyst 1 (2%)

Cyst, multiple 3 (6%) 2 (4%) 3 (6%)

Hyperplasia, lymphoid 7 (15%) 2 (4%) 2 (4%) 1 (2%)
Pigmentation 2 (4%)

Lymph node, mesenteric (48) (50) (50) 47
Angiectasis 1 (2%) 3 (6%) 2 (4%) 1 (2%)
Edema 1 (2%)

Hemorrhage 1 (2%)
Hyperplasia, lymphoid 1 (2%) 1 (2%) 1 (2%)
Inflammation, chronic 1 (2%)

Spleen (50) (50) (50) (50)

Atrophy 1 (2%) 1 (2%)

Congestion 2 (4%)

Fibrosis ' 1 (2%)
Fibrosis, focal 2 (4%) 1 (2%) 1 2%)

Hematopoietic cell proliferation 2 (4%) 2 (4%) 5 (10%) 3 (6%)
Inflammation, granulomatous 2 (4%) 1 (2%)
Necrosis 1 (2%)

Pigmentation 3 (6%) 5 (10%) 2 (4%) 1 (2%)
Capsule, fibrosis 1 (2%)

Capsule, hypertrophy 1 (2%)

Capsule, inflammation, granulomatous 1 (2%)

Thymus “n 49) 7 (48)
Congestion 1 2%)
Cyst 3 (6%) 1 (2%)
Cyst, multiple 1 (2%)

Hyperplasia, lymphoid 1 (2%) 1 (2%)
Mediastinum, edema 1(2%)

Integumentary System

Mammary gland (50) (50) (50) s
Hyperplasia, lobular 19 (38%) 26 (52%) 22 (44%) 21 (42%)
Duct, cyst 38 (76%) 36 (72%) 33 (66%) 34 (68%)

Skin (50) (50) (50) (50)
Hyperkeratosis 2 (4%) 1 %)
Epidermis, hyperplasia 1 2%)
Parakeratosis 2 (4%)

Ulcer 2 (4%)

Nipple, hyperkeratosis 1 (2%)

Nipple, hyperplasia 1 (2%)

Subcutaneous tissue, edema 1 (2%)

Mousculoskeletal System :

Bone (50) (50) (50) (50)
Osteopetrosis 2 (4%) 1 (2%) 1 (2%) 1 (2%)

Calvarium, hyperostosis 6 (12%) 5 (10%) 4 (8%) 5 (10%)
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TABLE BS »
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm ' 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)

Nervous System :

Brain (50) (50) (50) (50)
Compression . 10 (20%) 6 (12%) 13 (26%) 6 (12%)
Embolus bacterial, multiple 1 (2%)

Hemorrhage 2 (4%) 2 (4%)
Hemorrhage, multiple 1 (2%) 2 (4%)
Inflammation, suppurative, multiple 1 (2%)

Respiratory System

Lung ’ (50) (50) (50) (50)
Atelectasis 1(2%)

Congestion 1 (2%)

Edema 1 (2%)

Embolus bacterial, multiple : 1(2%) .

Hemorrhage, multiple 1 (2%)

Infiltration cellular, lymphocyte . 2 (4%)

Infiltration cellular, lymphocyte, focal : 1 (2%)
Infiltration cellular, histiocyte, focal 1(2%) 1 (2%) 4 (8%) 2 (4%)
Infiltration cellular, histiocyte, multiple 1 (2%) 1 (2%) 2 (4%)
Inflammation, granulomatous, focal 3 (6%) - 2 (4%) 4 (8%)
Inflammation, granulomatous, multiple 1 (2%)
Inflammation, suppurative, multiple 1 (2%) :
Mineralization, focal 1 (2%)

Alveolar epithelium, hyperplasia 1 (2%) 1 (2%) 2 (4%)
Alveolar epithelium, hyperplasia, focal 3 (6%) ) 1 (2%)

Alveolus, pigmentation - 2(4%)

Nose (50) (50) 0 - ' 50
Metaplasia, squamous 1 (2%)

Lumen, foreign body 1 (2%)
Lumen, fungus 4 (8%) 2 (4%) 2 (4%) 1 (2%)
Lumen, hyperkeratosis : 1 (2%)
Lumen, inflammation, suppurative 4 (8%) - 3 (6%) 2 (4%) 1 (2%)
Nasolacrimal duct, hemorrhage 1(2%)
Nasolacrimal duct, inflammation,
suppurative 1 (2%)
Submucosa, hemorrhage 2 (4%)
Submucosa, pigmentation 46 (92%) 48 (96%) 46 (92%) 50 (100%)

Special Senses System :

Eye @ @ ®)
Cataract 4 (100%) 1 (100%) 4 (80%)
Inflammation, suppurative 1 (20%)
Retina, degeneration 4 (100%) 1 (100%) 4 (80%)

Harderian gland (¢)) ) )
Hemorrhage 1 (100%) 2 (100%) 1 (50%)

Zymbal’s gland Q) a Q)

Inflammation, suppurative 1 (100%) 1 (100%)
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TABLE BS
Summary of the Incldence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of o-Nitroaniscle (continued)

0 ppm 222 ppm 666 ppm 2,000 ppm
2-Year Study (continued)
Urinary System
Kidney (50) (50) (50) (50)
Cyst : 2 (4%)
Fibrosis, focal 1 (2%)
Hydronephrosis 1 2%)
Infarct . 1 (2%) :
Infarct, multiple 1 (2%)
Inflammation, chronic 1 (2%) '
Inflammation, suppurative 1 (2%)
Mineralization 2 (4%)
Nephropathy, chronic 39 (78%) 46 (92%) 46 (92%) 44 (88%)
Papilla, necrosis 1 (2%)
Pelvis, dilatation 1 (2%)
Renal tubule, dilatation 1 (2%)
Renal tubule, mineralization 1 (2%) 1 (2%) 3 (6%) 2 (4%)
Renal tubule, necrosis 1 (2%)
Renal wbule, pigmentation 41 (82%) 47 (94%). 45 (90%) 46 (92%)
Transitional epithelium, hyperplasia 1 (2%) 1 (2%)
Urinary bladder . (50 (50) (50) (50
Calculus gross observation 1 (2%)
Hemorrhage _ 1 (2%)
Hemorrhage, focal 1 (2%)
Inflammation, chronic ) 2 (4%)
Inflammation, suppurative 1 (2%)
Transitional epithelium, hyperplasia 1 (2%) 6 (12%)

2 Number of animals examined microscopically at site and number of animals with lesion.
Includes one animal killed moribund before the interim evaluation.
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Lesions in Male Mice

TABLE C1

191

Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of o-Nitroanisole?®

0 ppm

666 ppm

2,000 ppm

6,880 ppm

Disposition Summary
Animals initially in study
15-Monh inserim evaluation

Missexed
Early deaths

Moribund

Natural deaths
Survivors

Terminal sacrifice

Animals examined microscopically

43

-0 3

39

59

w2

g &

15-Month Interim Evaluation

Alimentary System

Intestine small, jejunum

Liver
Hepatocellular carcinoma
Hepatocellular adenoma
Hepatocellular adenoma, multiple

(10)
(10)

2 (20%)

(10)
1 (10%)

1)
®

(10
(10)

1 (10%)

Cardiovascular System
None

Endocrine System
None

General Body System
None

Genital System
Testes
Hemangiosarcoma

(10)

(10)
1 (10%)

Hematopoietic System
Lymph node, mesenteric

(10)

™

)

10

Integumentary System
None

Musculoskeletal System
None
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TABLE C1
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 666 ppm 2,000 ppm 6,000 ppm

15-Month Interim Evaluation (continued)

Nervous System

None

Respiratory System

Lung (10) ) ‘ (10)
Alveolar/bronchiolar adenoma 3 (715%)
Alveolar/bronchiolar carcinoma 1 (25%)

Special Senses System

None

" Urinary System

None

Systemic Lesions

Multiple organsb (10) (10) (&)] (10)
Lymphoma malignant mixed 1 (11%)

Neoplasm Summary

Total animals with primary neoplasms® 2 4 1 2
Total primary neoplasms 2 5 1 2

Total animals with benign neoplasms 2 3 1
Total benign neoplasms 2 3 1

Total animals with malignant neoplasms 2 1 1
Total malignant neoplasms 2 1 1

2-Year Study

Alimentary System .

Intestine large, cecum 49) (49) 49) 49

Intestine small, duodenum (50) (48) 49) (50)
Carcinoma 1 (2%)

Intestine small, ileum 49 (48) €y)) 49
Carcinoma 1(2%)

Intestine small, jejunum (50) “48) “n 50)
Carcinoma 1 (2%): 1 2%)

Liver 59 (50) (50) (50
Hemangiosarcoma 1 (2%) 2 (4%) 1 (2%)
Hemangiosarcoma, multiple 1 (2%)
Hepatoblastoma 2 (4%) 14 (28%) 8 (16%)
Hepatoblastoma, multiple 1 (2%) 3 (6%) 1 (2%)
Hepatocellular carcinoma 5 (10%) 11 (22%) 10 (20%) 6 (12%)
Hepatocellular carcinoma, multiple 2 (4%) 1 (2%) 1 (2%) 1 (2%)
Hepatocellular adenoma 10 (20%) 16 (32%) 15 (30%) 16 (32%)
Hepatocellular adenoma, multiple 4 (8%) 10 (20%) 26 (52%) 13 (26%)

Histiocytic sarcoma 1 (2%)




Lesions in Male Mice 1923

TaBLE C1

Summary ef the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 666 ppm 2,000 ppm 6,000 ppm
2-Year Study (continued)

Alimentary System (continued)

Mesentery @ ?) “

Hemangioma 1 (25%)
Hepatoblastoma, metastatic, liver 2 (50%)

Pancreas (50) 49) “9 (50)

Stomach, forestomach (50) (50) (50) (50)
Squamous cell papilloma 3 (6%) 2 (4%) 1 (2%)

Stomach, glandular (50) (50) (49) (50)

Cardiovascular System

Heart (50) (50) (50 (509
Histiocytic sarcoma 1 (2%)

Endocrine System

Adrenal gland, cortex (59) (50) (59) (48)
Adenoma 5 (10%) 3 (6%) 2 (4%)

Capsule, adenoma 2 (4%) 3 (6%)

Adrenal gland, medulla - (50) (49) (50) (48)
Pheochromocytoma malignant 1 (2%)
Pheochromocytoma benign 1 (2%)

Islets, pancreatic (50) 49 49 (50)
Adenoma 2 (4%) 1 (2%)

Pituitary gland “7 (46) 49) 48)

Pars distalis, adenoma 1 (2%)
Pars intermedia, adenoma 1 (2%)

Thyroid gland 49) 49) (50) (50)
Follicular cell, adenoma 2 (4%) 2 (4%)

General Body System .

Tissue NOS m )

Histiocytic sarcoma 1 (100%)

Genital System

Epididymis (50) (50 (50) (50)

Penis )}

Fibrous histiocytoma 1 (1060%)

Prostate (50 (50) (50) (49)

Seminal vesicle (50) (50 (50) (50)

Testes (50) (50) (50 (50
Hemangiosarcoma 1 (2%)

Interstitial cell, adenoma 1 (2%) 1 (2%)
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TABLE C1
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of o-Nitroanisole (continued)

0 ppm 666 ppm 2,000 ppm 6,000 ppm
2-Year Study (continued)
Hematopoietic System
Bone marrow . (50) (50) (50) (50)
Hemangiosarcoma 2 (4%) oo
Lymph node (50 (50) (50) 50)
Lymph node, mandibular 48) 49) (49) (49)
Lymph node, mesenteric “n “49) (46) (50)
Histiocytic sarcoma 1 (2%)
Spleen (50) (50) “9) 48)
Hemangiosarcoma . 1 (2%)
Thymus “n 47 (45) (48)
Histiocytic sarcoma 1 (2%)
Integumentary System
Skin (50) - (50) 50) (50)
Squamous cell papilloma 1 (2%)
Subcutaneous tissue, hemangioma 1 (2%)
Subcutaneous tissue, hemangiosarcoma 1 (2%) : ’ 1 (2%)
Musculoskeletal System .
Skeletal muscle . Q) (¢))
Hepatoblastoma, metastatic, liver 1 (100%)
Nervous System
None
Respiratory System
Lung (50) (50) (50) (50)
Alveolar/bronchiolar adenoma 5 (10%) 9 (18%) 2 (4%) _ 3 (6%)
Alveolar/bronchiolar adenoma, two, multiple 1 (2%) 1 (2%)
Alveolar/bronchiolar adenoma, three, multiple 1 (2%)
Alveolar/bronchiolar carcinoma 1 (2%) 2 (4%) 1 (2%)
Pheochromocytoma malignant, metastatic,
adrenal gland 1 (2%)
Hepatoblastoma, metastatic, liver : 1 2%)
Hepatocellular carcinoma, metastatic, liver 3 (6%)
Histiocytic sarcoma 1 2%)
Special Senses System
Harderian gland (10) @ 03] ©)]
Adenoma 8 (80%) 4 (100%) 2 (100%) 3 (100%)
Adenoma, two, multiple 1 (10%)

Carcinoma 1 (10%)




Lesions in Male Mice 195

TasLE C1
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of o-Nitroanisele (continued)

0 ppm 666 ppm 2,000 ppm 6,000 ppm
2-Year Study (continued)
Urinary System
Kidney (50) : (50) (50) (50)
Renal tubule, adenoma 1 (2%) 1 (2%)
Urinary bladder (50) (50) 49) (50)
Transitional epithelium, papilloma 1 (2%)
Systemic Lesions
Multiple organs (50) (50) (50) 50
Histiocytic sarcoma 1 2%) 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 1 (2%)
Lymphoma malignant mixed 2 (4%) 6 (12%) 3 (6%) 2 (4%)
Lymphoma malignant undifferentiated cell ~ 1 (2%) 1 (2%) 1 (2%) 5 (10%)
Neoplasm Summary
Total animals with primary neoplasms 38 41 49 41
Total primary neoplasms 66 81 88 - 67
Total animals with benign neoplasms 29 37 45 31
Total benign neoplasms 47 52 53 37
Total animals with malignant neoplasms 16 23 27 26
Total malignant neoplasms 19 29 35 30
Total animals with metastatic neoplasms 3 2 1
Total metastatic neoplasms 3 4 1

2 Number of animals examined microscopically at site and number of animals with lesion.
Number of animals with any tissue examined microscopically
¢ Primary neoplasms: all neoplasms except metastatic neoplasms
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TABLE C2

o-Nitroanisole, NTP TR 416

Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole: 0 ppm

4 6 67771717717 7 7717771717717 171771
Number of Days on Study 74500000011 1222222222222
9723899990115 2299999999929
00000O0O0OO0OO0OOCDOOOOOO0OOO0OOO0OOOOOOO
Carcass ID Number 123401244100 2240000001111
4 44416217539 5802456780123
t1111111111111111111111111
Alimentary System
Esophagus ++++++++F A+ 4
Gallbladder +++4++++++++ A+ MY+
Intestine large +++++++++F A+
Intestine large, cecum + ++ +++++++++++F+++++++ A+ ++
Intestine large, colon + + 4+ ++++++++ A+ o+
Intestine large, rectum ++++M++++++++++++++++++++
Intestine small +++++++++++++++++++++++++
Intestine small, duodenum + ++++++++++++++++ 4+ +++++++
Intestine small, ileum ++++++++++++++++++++++++M
Intestine small, jejunum ++++++++++++ A+
Liver +++++++ o+
Hemangiosarcoma X
Hemangiosarcoma, multiple X
Hepatocellular carcinoma X X X
Hepatocellular carcinoma, multiple X
Hepatocellular adenoma X X X XX
Hepatocellular adenoma, multiple X
Mesentery + + + +
Hemangioma X
Pancreas +++++++++++++++++++++++++
Salivary glands + + 4+ ++++++++ A+
Stomach ++++++++++++++++++++++++ 4+
Stomach, forestomach . + + 4+ 4+ 4+ 4+ ++++ A+
Squamous cell papilloma X
Stomach, glandular ++++++++++++++++++++ 4+ ++ 4+ +
Tooth + +
Cardiovascular System
Heart ++++++++++++++++++++F++F A+
\‘\
Endocrine System
Adrenal gland ++++++++++++++++++++++++ +
- Adrenal gland, cortex + + +++++++++++++++++++++++
Adenoma X X
Capsule, adenoma
Adrenal gland, medulla ++ 4+ +++++++++++++++++++++ +
Pheochromocytoma benign X
Islets, pancreatic ++++++++++++++++F+ A+
Adenoma X

+: Tissue examined microscopically
A: Autolysis precludes examination

M: Missing tissue
I: Insufficient tissue

X: Lesion present
Blank: Not examined
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole: O ppm (continued)
7771777177777 7171777171777711717117
Number of Days on Study 2222222222222222222222222
9999999999999 999999999999
0000O000O0OO0OOCOOOO0OOCO0O0OOO0OOOOOO
Carcass ID Number 1112 222223333333332444444°%H5 Total
78901367901235¢6789235¢62829°0 Tissues/
1111111111111 111111111111 Tumors
Alimentary System
Esophagus +++++++++ A+ o+ 50
Gallbladder +++++++++++++ A+ 49
Intestine large ++++++++++F 50
Intestine large, cecum +M+++++++++++++++++++++++ 49
Intestine large, colon +++++++++++++++++++++++++ 50
Intestine large, rectum +++++++++++++++++M+ A+ A+ ++ 48
Intestine small +++++++++F+ A F A+ 50
Intestine small, duodenum +++++++ A+ 50
Intestine small, ileum ++++++++F A+ 49
Intestine small, jejunum ++++++++++++++++++++++++ + 50
Liver +++++++ A4+ 50
Hemangiosarcoma 1
Hemangiosarcoma, multiple 1
Hepatocellular carcinoma X X 5
Hepatocellular carcinoma, multiple X 2
Hepatocellular adenoma X X X X X 10
Hepatocellular adenoma, multiple X X X 4
Mesentery : 4
Hemangioma 1
Pancreas +++++++++++++4++++++++++++ 50
Salivary glands +++++++++++++++++++F+++++ 50
Stomach ++++++++++ o+ 50
Stomach, forestomach ++++++++++++++++++++++++ 4 50"
Squamous cell papilloma X X 3
Stomach, glandular ++++++++++F A+ 50
Tooth + + + + + + + 11
Cardiovascular System
Heart + 4+ +++++F 4+ 4+ o+ 50
Endocrine System
Adrenal gland ++ ++++++ o+ 50
Adrenal gland, cortex +++++++++++++++++++++++++ 50
Adenoma X X X 5
Capsule, adenoma X X 2
Adrenal gland, medulia +++++++++++++++++++ S+ ++ 50
Pheochromocytoma benign 1
Islets, pancreatic ++++++++ At FFFF A F A+ A+ + 50
Adenoma X 2
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole:

o-Nitroanisole, NTP TR 416

0 ppm (continued)

46 6771717171717 7771717777171 17177
Number of Days on Study 74500000011 11222222222222
9723899990115229999999999
0000O0O0OOCOOOOOOOOOCOOOOOO0OOO0OO
Carcass 1D Number 1234012441002240000001111
4 44416217539580245¢6780123
1111111111111111111111111
Endocrine System (continued) - -
Parathyroid gland +++++++++++++++++F 4+ +
Pituitary gland +++++++++++++++ M
Thyroid gland + +++++M+++++++F+ A+ o+
Follicular cell, adenoma
General Body System
Tissue NOS +
Genital System ]
Coagulating gland + +
Epididymis ++++++++++++++ A+ ++
Preputial gland + + + + + + + + + + + + + +
Prostate ++++++ A+ o+
Seminal vesicle +++++++++++ A+ +
Testes +++++++++ A F A+
Hematopoietic System .
Bone marrow +++++++++++++++++++++++F+ +
Hemangiosarcoma ) X
Lymph node ++++++++++++++++F A+ ++
Lymph node, mandibular +++++++F+F+F++++++++++++++++
Lymph node, mesenteric ++++++M++++++++++++++++M+
Spleen + 4+ +++++++4+++++++++++++++ +
Hemangiosarcoma
Thymus +++++++++ A F A+ o+
Integumentary System
Mammary gland MMMMMMMMMMMMM+MMMMMMMMMMM
Skin : +++++ A+t
Squamous cell papilloma
Subcutaneous tissue, hemangiosarcoma X
Musculoskeletal System
Bone + 4+ +++++++F A+
Skeletal muscle +
Nervous System -
Brain +++++++F A+ o+
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole: 0 ppm (continued)
7771777717177 177717771771777771T7T7777
Number of Days on Study 2222222222222222222222222
999999999999999999999999)9
0000O0O0O0OOOOOOOOOOOOOOOOOO
Carcass ID Number 111222 22233333233334444445 Total
78901367901235¢6789235¢6289°¢0 Tissues/
1111111111111111111111111 Tumors
Endocrine System (continued)
Parathyroid gland ++++++++++++ o+ 50
Pituitary gland +++++++++++++++M+M+++++++ 47
Thyroid gland + ++ 4+ ++t++F A+ A+t 49
Follicular cell, adenoma X X 2
General Body System
Tissue NOS 1
Genital System
Coagulating gland + + 4
Epididymis +++++++++++++F A+t 50
Preputial gland + + + + + + + + + + 24
Prostate ++++++++++ o+ 50
Seminal vesicle ++++++++++++++++++++++++ 50
Testes +++++++++F++F T+t 50
Hematopoietic System
Bone marrow +++++++++++++++++++++++++ 50
Hemangiosarcoma X 2
Lymph node ++++++++++++++ o+ 50
Lymph node, mandibular + ++++++++++ + + + ++ M+ + + 4+ + + + 48
Lymph node, mesenteric + +++++++++++++ + 4+ 4+ ++++ 4+ + + 47
Spleen +++++++F A+ o+ 50
Hemangiosarcoma X 1
Thymus ++++++M+++++] +++++++++++M 47
Integumentary System
Mammary gland - MMMMMMMMMMMMMMMMMMMMMMMMM 1
Skin +++++++++++ A+t 50
Squamous cell papilloma X 1
Subcutaneous tissue, hemangiosarcoma 1
Musculoskeletal System
Bone ++++++F+++FF A+ o+ 50
Skeletal muscle 1
Nervous System
Brain +++++++++++ A+ + 50
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole: 0 ppm (continued)

4 6 67771777177 7717717117177 71717117
Number of Days on Study 7450000001 1222222222222
9 7238999901152299999999929
000O0O0OO0OO0OO0OOOO0OOOOOOOOO0OODOOOOO
Carcass ID Number 1234012441002240000001111
4 44416217539580245¢6780123
tr111111111111111111111111
Respiratory System
Lung +++++++ A+ F A+ F A+ o+
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma X
Hepatocellular carcinoma, metastatic,
liver X X X
Nose ++++++++++++++++++++++++ 4+
Trachea + ++++++++++++++4++++++++ 4+ 4+

Special Senses System
Eye
Harderian gland
Adenoma
Adenoma, two, multiple
Carcinoma

>+ +
> +
X+ +
" +
X +

Urinary System
Kidney ++++++++++
Renal tubule, adenoma
Urinary bladder + + + + + + + + + +
Transitional epithelium, papilloma

+++++++++F+++++

+ X+

+ 4+ + ++ A+ o+

Systemic Lesions
Multiple organs - +++++++++++++++++++++++ 4+ +
Lymphoma malignant lymphocytic
Lymphoma malignant mixed X
Lymphoma malignant undifferentiated
cell type X
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole: 0 ppm (continued)

Number of Days on Study 2222222222222222222222222
999 9999999999999 999999939
0000O0O0OOO0COOOOO0OOOOOOOOOOODO
Carcass ID Number 1112222 22333333333444444S Total
78901367901235¢6789235¢62829¢90 Tissues/
1111111111711711111111111111 Tumors
Respiratory System
Lung +++++++++++++++++++++++++ 50
Alveolar/bronchiolar adenoma X X XX X 5
Alveolar/bronchiolar carcinoma 1
Hepatocellular carcinoma, metastatic,
liver 3
Nose +++++++++++++++++++++++++ 50
Trachea ++++++++++ A+ 50
Special Senses System
Eye + 3
Harderian gland + + + + + 10
Adenoma X X X 8
Adenoma, two, multiple X 1
Carcinoma X 1
Urinary System
Kidney ++++++++++ o+ 50
Renal tubule, adenoma 1
Urinary bladder + + ++ A+ + ++ 4+ ++ + 4+ + + + 50
Transitional epithelium, papilloma X 1
Systemic Lesions
Multiple organs ++++++++++++++++++++++++ + 50
Lymphoma malignant lymphocytic X 1
Lymphoma malignant mixed X 2

Lymphoma malignant undifferentiated
cell type ' 1
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole; 666 ppm

551771 7 7777777777777 7T7777
Number of Days on Study 4800111222222222222222222
929 9000888888818 8888188288S8
2222112111111111111111112
Carcass D Number 0002892888888 889999999990
8 5308551234567 901234678290
t111111111111111111111111
Alimentary System
Esophagus + + ++++ 4+ ++++++++++++++++ 4+ 4+
Gallbladder AA+++++++++++++++++++++ + +
Intestine large ++ +++++++++++++++++++++++
Intestine large, cecum + A+ ++++++++++F+F A+ o+
Intestine large, colon + A+ ++++++++4++++++++1 +4++++
Intestine large, rectum + + 4+ ++++++++++++F A+ ++
Intestine small + A+ +++++++++++++++++++++ +
Intestine small, duodenum + A+ +++++++++M++++++++++ 4+ +
Carcinoma X
Intestine small, ileum +A+ ++++++++++++++++++M+++
Carcinoma X
Intestine small, jejunum +A+ +++++++++++F A+ +
Carcinoma
Liver +++++++++++++++++++++++ 4+ +
Hemangiosarcoma X X
Hepatoblastoma X
Hepatoblastoma, multiple X
Hepatocellular carcinoma X X X X X
Hepatocellular carcinoma, multiple X
Hepatocellular adenoma X X XXX XXX XXX
Hepatocellular adenoma, multiple X X X X
Mesentery +
Pancreas +A++++++++++++++++++++ + + +
Salivary glands ++++++++++++++++++++ A+ ++
Stomach + ++++++++++++++++++4+++++ +
Stomach, forestomach +++++++++++++++++++++++ + +
Stomach, glandular ++++++++++++++++++++++++ 4+
Tooth + + + + + + +
Cardiovascular System }
Heart ++++++++++++++++++++++++ +
Endocrine System
Adrenal gland + +++++++++++++++++++++++ +
Adrenal gland, cortex +++++++++++ A+
Adenoma X
Capsule, adenoma
Adrenal gland, medulla + 4+ +++++++++++++++++++++++
Islets, pancreatic + A +++++++++++++++++++++ +
Adenoma

Parathyroid gland +++M++++++++F++F A+t
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of o-Nitroanisole: 6